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FUSION PEPTIDES AS ANTIMICROBIAL
AGENTS

The present invention concerns new fusion peptides, in
particular as antimicrobial agents, and also to therapeutic
uses thereof. The present invention also relates to said fusion
peptides for use for the treatment of bacterial infections.

Antimicrobial resistance has become an acute problem for
public health and economy and threatens the progress of
modern medicine. The World Health Organization has
recently published a priority list of orgamisms (http://

O _ -
R]

n P

www.who.it/medicines/publications/global -priority-list-

antibiotic-resistant-bacteria/en/) for which new antibiotic
compounds must be developed to control their impact on
human health. Other international, national and private
agencies are setting up programs to foster research and
development of such compounds. Within this frame, pep-
tides that target the bacterial replication processivity factor,

or sliding clamp (SC) have been previously designed (Wollil,

P., Olieric, V., Briand, J. P., Chaloin, O., Dejaegere, A.,
Dumas P., Jnmfar E., Gulchard G., Wagner J., and
Burnouf, D. Y. (2011). Structure- based design of Shorr
peptide ligands binding onto the E. coli processivity ring. J
Med Chem 34, 4627-46377). This factor 1s a molecular hub
which interacts with many proteins involved in bacterial
DNA metabolism. In particular, all DNA polymerases inter-

act with SC wvia a short peptide, for which a consensus
sequence (QL[S/D]LF) has been defined (Dalrymple, B. P.,
Kongsuwan, K., Wijilels, G., Dixon, N. E., and Jennings, P.
A. (2001). A universal protein-protein interaction motif in
the eubacterial DNA veplication and repair systems. Proc
Natl Acad Sci USA 98, 116277-11632), and the hydrophobic
pocket where these peptides interact has been acknowledged
as a potential molecular target for new drug development
(Georgescu, R. E., Yunieva, O., Kim, S. S., Kuriyan, J.,
Kong, X. P, and O’Donnell, M. (2008). Structure of a
small-molecule inhibitor of a DNA polymerase sliding
clamp. Proc Natl Acad Sci USA 105, 11116-11121; Lopez de
Saro, F. I., and O’Donnell, M. (2001). Interaction of the beta
sliding clamp with MutS, ligase, and DNA polymerase 1.
Proc Natl Acad Sci USA 98, 8376-8380). A structure-based
strategy has been used to design small peptides that can
interact more ethciently within the pocket of the E. coli
clamp (°SC) and define a minimal peptide which was used
as a template sequence for turther improvements of ligands
and for studying the details of the ligand-target interaction
(Wolll, P., Amal, 1., Olieric, V., Chalom, O., Gygh, G.,
Ennifar, E., Lorber, B., Guichard, G., Wagner, J., Dejaegere,
A., and Burnout, D. Y. (2014). Differential modes of peptide
binding onto replicative sliding clamps from various bacte-
rial ovigins. J Med Chem 57,775635-7576). However, a strong
limitation 1n the further development of these peptides into
antimicrobial agents 1s their iability to cross the bacterial
cell membrane.

The aim of the present mmvention 1s thus to provide an
ellicient antimicrobial compound, and being able to cross the

bacterial cell membrane.

Gln
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Therefore, the present invention relates to a fusion peptide
having one of the following formulae:

P1-1.-P2 (1) or

P2-1.-P1 (1)

wherein:
P1 1s chosen from the proline-rich antimicrobial pep-
tides;
L 1s a peptide linker; and
P2 has the following formula (III):

AL A

F’Ulll

wherein:

m 1s O or 1;

n 1s an integer comprised between 0 and 9;

p 1s an integer comprised between 0 and 10;

r1s 0, 1 or 2

s1s 0 or 1;

Gln 1s glutamine;

R"' is the side chain of arginine or lysine;

R* is a —(CH,)—C,_.-cycloalkyl group optionally
substituted by a halogen and/or by a group selected
amongst —NH,, —NH—CO—R", —CO,H,
— NHR? and —NR“R”, wherein R* and R” are 111de-
pendently a Cl s-alkyl group;

R” is selected in the group consisting of a C, _,-alkyl
group, the side chaimn of arginine or lysine,
—(CH,),—CO,R", —(CHE) —CO—NHR"”,
—CH, OR and —(CHZ) NHR® Wherem
qis 1, 2, 3 or 4,

R is a hydrogen atom, a C,_q-alkyl group, a C,_, ,-
alkylene group forming together with R° a lactone
or a polyether ring, or a C__, ,-alkenylene, forming
together with R® a lactone or a polyether ring,

R’” is a hydrogen atom, a C,_s-alkyl group, or
—(CH,),—NH— with ¢q' being an integer

between 2 and 8 inclusive and forming together

with R® a lactam,

R® is a hydrogen atom, a C, _s-alkyl group, a C,_, ,-
alkylene group forming together with R® a lactone
or a polyether ring, or a C,_, ,-alkenylene, forming
together with R® a lactone or a polyether ring,

R” is a hydrogen atom, or R” together with R® form
a lactam:

R* is a C, 4-alkyl group optionally substituted by a
C,_¢-cycloalkyl group, or a halogen-C,_,-alkyl
group,

R> is selected in the group consisting of a —(CH,,)—
C;_s-cycloalkyl group; —(CH,—CH,)—C,_(-Cy-
cloalkyl group; a—(CH,)—C_,,-aryl group option-
ally substituted by a halogen, a C,_,, alkyl group
and/or a C,_,, alkoxy group; a —(CH,—CH,)
—Cq_;g-aryl group optionally substituted by a halo-
gen, a C,_, alkyl group and/or a C, _, alkoxy group;
a —(CH,)—C_,,-heteroaryl group optionally sub-
stituted by a halogen and/or a C,_, alkyl group:;

R® is —COOH, —COOR'’, —CO—NH,, —CO—
NHR'®, —OR' when r is 1 or 2, —NH—CO—
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NHR'® when ris 1 or 2, or R® is —CO—, —CO—

O— or —O— and forms a lactam, a lactone, or a
polyether ring with R’4, R”?, R® or R”; wherein
R'™ is a C,_g-alkyl group optionally substituted by a
Cq. o-aryl group; a C,_.-cycloalkyl group; aC,_, -
aryl group optionally substituted by a halogen, a
C,_»-alkyl group and/or a C,_,-alkoxy group,
wherein, when the fusion peptide has the formula (II),
its C-terminus contains a —CO— group engaged 1n
a peptide bond with said linker L.

The fusion peptide of formula (I) of the invention 1s
P1-L-P2, which means that the N-terminus of this fusion
peptide 1s the N-terminus of P1 and the C-terminus of this
fusion peptide 1s the C-terminus of P2.

The fusion peptide of formula (II) of the mvention 1s
P2-1.-P1, which means that the N-terminus of this fusion
peptide 1s the N-terminus of P2 and the C-terminus of this
fusion peptide 1s the C-terminus of Pl.

The fusion peptide of the invention may also be referred
as N-ter[P1-L-P2] (I) or N-ter[P2-L-P1] (II), respectively.

According to the invention, P1, L, and P2 are linked
together by peptide bonds.

Preferably, the fusion peptide of the mmvention has the
formula (I).

According to the mvention, P1 1s an antimicrobial pep-
tide, which 1s chosen from the proline-rich antimicrobial
peptides.

According to the invention, in formula (I), the N-terminus
of P1 1s free and its C-terminus 1s linked with L.

The present invention mvolves the use of a specific class
of antimicrobial peptides, referred to as Proline rich Anti-
Microbial Peptides (PrAMPs), as delivery vectors. These
natural peptides are found 1n i1nvertebrates and vertebrates
and are part ol the innate immune response. They are
considered as a promising novel class of antibiotics and the
cellular target that accounts for their biological activity,
namely the peptide exit channel (PEC) of the bacterial
ribosome, has been recently i1dentified (Krizsan, A., Volke,
D., Wenert, S., Strater, N., Knappe, D., and Hoflmann, R.
(2014) Insect- derwed pmlme rich amxmxcmbxal peptides
kill bacteria by inhibiting bacterial protein translation at the
70S ribosome. Angew Chem Int Ed Engl 53, 12236-12239).

Preferably, P1 1s a peptide comprising from 13 to 40
amino acid residues and contains at least one central seg-
ment consisting of the sequence SEQ ID NO:1:

Ry &oR3 Xy RsRheX7PRPX) 1 X15X 5

wheremn: X, 1s V, Ror P; X, 1s D, R, Por F; X, 15 K, P,
VorR; X,1sP G, R, Y, QorA; X.1sS,G,D,P, I, O
or Q; X, ISY P, V, IorR X,1sL, P, QorR; X, 15 P,
R, TorG X,,15 P, W, E orR and X, 5 1s P, Hyp or R,
O being ornithine and Hyp being hydroxyl-proline.

According to an embodiment, P1 contains at the N-ter-
minus of its central segment from 0 to 10 amino acid
residues. According to an embodiment, P1 contains at the
C-terminus of the central segment from O to 18 amino acid
residues. Preferably, these amino acid residues are selected
from the group consisting ol natural L-amino acids,
D-amino acids, modified amino acids, non-natural amino
acids, and mixtures thereof.

As used herein, the term “amino acid” 1s understood to
include: the 20 naturally occurring amino acids 1.e. alanine,
arginine, asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glycine, histidine, 1soleucine, leucine, lysine,
methionine, phenylalanine, praline, serine, threomine, tryp-
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4

tophan, tyrosine, and valine; amino acids harbouring the
post-translational modifications which can be found 1 vivo
such as hydroxyproline, L-tert-leucine, phosphoserine and
phosphothreonine; and other unusual amino acids including,
but not limited to, 2-aminoadipic acid, hydroxylysine,
1sodesmosine, nor-valine, nor-leucine and ormithine. Fur-
thermore, the term “amino acid” includes both D- and
L-amino acids.

D-enantiomers of amino acids (also called D-amino acids)
are referred to by the same letter as their corresponding
L-enantiomer (also called L-amino acid), but 1in lower case.
Thus, for example, the L-enantiomer of arginine 1s referred
to as ‘R’, while the D-enantiomer 1s referred to as ‘r’.

According to the invention, the following chemical modi-
fications may be mentioned:

modifications to the N-terminal and/or C-terminal ends of

the peptides such as e.g. N-terminal acylation (prefer-
ably acetylation) or deamination, or modification of the
C-terminal carboxyl group into an amide or an alcohol
group,

retro-inversions in which one or more naturally-occurring

amino acids (L-enantiomer) are replaced with the cor-
responding D-enantiomers, together with an mversion
of the amino acid chain (from the C-terminal end to the
N-terminal end);

azapeptides, 1n which one or more alpha carbons are

replaced with nitrogen atoms; and/or

betapeptides, in which the amino group of one or more

amino acid 1s bonded to the 3 carbon rather than the c.
carbon.

The peptide includes amino acids modified either by
natural processes, such as post-translational processing, or
by chemical modification techniques which are well known
in the art. Such modifications are well described 1n basic
texts and i more detailed monographs, as well as 1n a
voluminous research literature. Modifications can occur
anywhere 1n a polypeptide, including the peptide backbone,
the amino acid side-chains and the amino or carboxyl
termini, 1t will be appreciated that the same type of modi-
fication may be present in the same or varying degrees at
several sites 1n a given polypeptide. Also, a given polypep-
tide may contain many types ol modifications. Polypeptides
may be branched as a result of ubiquitination, and they may
be cyclic, with or without branching.

As examples of modified amino acids, one may cite the
amino acids resulting from post-translational modifications
such as hydroxyproline (Hyp).

As examples of non-natural amino acids, one may cite
ter-leucine (Tle).

According to an embodiment, the N-terminus of Pl
further contains at least one, and preferably several, posi-
tively charged residue(s), such as arginine and lysine.
According to an embodiment, the N-terminus of P1 further
contains from 2 to 5, preferably 2 or 3, positively charged
residue(s), and preferably 2 to 5, more preferably 2 or 3,
arginine residues.

According to such embodiment, the peptides P1 are for
example as follows: RRIRPRPPRLPRPRPRPLPFPRPGP
(SEQ ID NO: 19) (bt-bactenecin-7), RRIRPRRPRLPRPR-
PRPRPRPRSLP (SEQ ID NO: 20) (ch-bactenecin-7),
RRLRPRRPRLPRPRPRPRPRPRSLP (SEQ ID NO: 21)
(oa-bactenecin-7),  RRRPRPPYLPRPRPPPFFPPRLPPR
(SEQ ID NO: 22) (PR-39), RFRPPIRRPPIRPPFYPPFRP-
PIRP (SEQ ID NO: 23) (bt-bactenecin-5), RFRPPIRRP-
PIRPPFNPPFRPPVRP (SEQ ID NO: 24) (ch-bactenecin-5),
OR RFRPPIRRPPIRPPFRPPFRPPVRP (SEQ ID NO: 25)

(0a-bactenecin-5).
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According to an embodiment, the N-terminus of P1 may
be further modified for example by a N,N,N'.N'-tetrameth-

ylguanidino group (gu).

As peptide Pl, the followings may be mentioned here:
GNNRPVYIPQPRPPHPRL (SEQ ID NO: 4) (Apidaecin-1
b), gu-ONNRPVYIPRPRPPHPRL-OH (SEQ ID NO: 5)
(Ap1137), guONNRPVYIPQPRPPHPRL-NH2 (SEQ ID
NO: 6) (Ap188), gutOWOWOWOWORPVYIPQPRPPH-
PRL (SEQ 1D NO: 7) (Ap1794),
YVPLPNVPQPGRRPFPTFPGQGPFNPKIKWPQ  (SEQ
ID NO: 8) (Abaecin), GKPRPYSPRPTSHPRPIRV (SEQ ID
NO: 9) (Drosocin), GKPRPQQVPPRPPHPRL (SEQ ID
NO: 10) (Ho+), GKPNRPRPAPIQPRPPHPRL (SEQ ID
NO: 11) (Cdl+), SRWPSPGRPRPFPGRPKPIFRPRPC
(SEQ ID NO: 12) (Arasin 1), VDKPPYLPRPXPPR-
RIYNNR (SEQ ID NO: 13) (Oncocin), VDKPPYLPRPRP-
PRrIYNr-NH, (SEQ ID NO: 2) (Oncl12), VDKPPYLPR-
PRPPRrOYNO-NH, (O=ornithine) (SEQ ID NO: 14)
(Onc72), VDKPPYLPRPRPHypRHypTleYNO-NH, (SEQ
ID NO: 15) (Onc06), VDKPPYLPRPRWPRRIYNR-NH?2
(SEQ ID NO: 16) (Oncl15), VDKPDYRPRPRPPNM (SEQ
ID NO: 17) (Metalnikowin-1), VDKGSYLPRPTP-
PRPIYNRN (SEQ ID NO: 3) (Pyrrhocoricin), VDKGGYL-
PRPTPPRPVYRS (SEQ ID NO: 18) (Riptocin), RRIRPRP-
PRLPRPRPRPLPFPRPGP (SEQ ID NO: 19) (bt-
bactenecin-7), RRIRPRRPRLPRPRPRPRPRPRSLP (SEQ
ID NO: 20) (ch-bactenecin-7), RRLRPRRPRLPRPRPRPR -
PRPRSLP (SEQ ID NO: 21) (oa-bactenecin-7), RRRPRP-
PYLPRPRPPPFFPPRLPPR (SEQ ID NO: 22) (PR-39),
RFRPPIRRPPIRPPFYPPFRPPIRP (SEQ ID NO: 23) (bt-
bactenecin-5), RFRPPIRRPPIRPPEFNPPFRPPVRP (SEQ
ID NO: 24) (ch-bactenecin-5), RFRPPIRRPPIRPPFRPP-
FRPPVRP (SEQ ID NO: 23) (oa-bactenecin-5), RRIRPRP-
PRLPRPRPRPLPFPRPGPRPIPRPLPFP (SEQ ID NO: 26)
(Bac7(1-35)), and RRIRFRPPYLPRPGRR-
PRFPPPFPIPRIPRIP (SEQ ID NO: 27) (TurlA).

Preferably, P1 1s chosen from the following peptides:
VDKPPYLPRPRPPRrIYNr-NH, (SEQ ID NO: 2), and
VDKGSYLPRPTPPRPIYNRN (SEQ ID NO: 3), r repre-
senting D-arginine.

According to the invention, the peptide P1 1s linked at 1ts
C-terminus with a peptide linker L.

Preferably, L. comprises from 1 to 10 amino acids, pret-
erably from 2 or 3 amino acids.

According to an embodiment, L. contains any natural
amino acid, preferably selected from the group consisting
of: A, G, P S, D, and E.

Preferably, L 1s chosen from the following amino acids or
peptides: Gly-Pro, Gly-Gly, Pro-Gly, [3-Ala-p-Ala, Sar-Sar,
Gly-Glycolic acid, y-Abu, 6-aminohexanoic acid, aminoval-
eric acid, and Gly-Gly-Gly, Sar representing sarcosine, and
Abu representing aminobutyric acid.

As mentioned above, P2 has the formula (III).

In the above formula (III), the peptide linkages (—CO—
NH—) can be replaced or modified to obtain synthetic
pseudopeptides or peptidomimetics 1n which the peptide
bond 1s modified, especially to become more resistant to
proteolysis, provided the immunogenicity of and the toxicity
of the molecule 1s not increased by this modification, and
providing the pseudopeptide retains 1ts athnity for the p
interacting pocket.

The following definitions are set forth to illustrate and
define the meaning and scope of the various terms used to
describe the mvention herein. The term “C, _,,-alkyl” refers
to a branched or straight-chain monovalent saturated ali-
phatic hydrocarbon group of 1 to 12 (inclusive) carbon
atoms. Similarly, the terms: “C,_g-alkyl”, “C,_s-alkyl”,
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“C,_salkyl”, “C, _,-alkyl” and the like refer to branched or
straight-chain monovalent saturated aliphatic hydrocarbon
groups of, respectively, 1 to 8 (inclusive), 1 to 5 (inclusive),
1 to 4 (inclusive), 1 to 2 carbon atoms. This term 1s further
exemplified by groups as methyl, ethyl, propyl, butyl, pen-
tyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecanyl
and their branched 1somers. The “alkyl” group can option-
ally be mono-, di-, tr1- or multiply-substituted by a halogen
and/or a C_,, aryl group, as defined below.

The term “C,_s-alkyl-(O—CH,—CH,)—" refers to a
—(O—CH,—CH,),— substituted C, _s-alkyl group wherein
the alkyl group 1s as defined above and t 1s an integer from
0 to 20 (inclusive), preterably 0,1, 2,3, 4, 5,6,7, 8, 9 or 10.
Preterred —(O—CH,—CH, ), -substituted alkyl group 1s a
C, _¢-alkyl-(O—CH,—CH,)— group with t and alkyl as
defined above.

The term “C,_, ,-alkenyl” refers to a branched or straight-
chain monovalent unsaturated aliphatic hydrocarbon group
having one or more carbon double bonds, of 2 to 12
(1inclusive) carbon atoms, preferably 2 to 8 (inclusive) car-
bon atoms, more preferably 2 to 4 (inclusive) carbon atoms.
This term 1s further exemplified by groups as vinyl, propyl-
enyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl,
decenyl, undecenyl, dodecenyl and their straight-chain and
branched and stereo 1somers. The “alkenyl” group can
optionally be mono-, di-, tr1- or multiply-substituted by a
halogen and/or a C,_,,-aryl group, as defined below.

The term “C,_,,-alkylene” refers to a divalent C,_,,-
alkyle with alkyl as defined above. Similarly, terms such as
“C,_,,-alkylene” or “C, _s-alkylene” and the like, refer to
divalent C,_,,-alkyl or divalent C_ ;-alkyle group where
alkyl 1s defined above. Examples of alkylene groups are

—(CH,)—, —(CH,),— —(CH,);— —(CH,),—
—(CHE)S—: —(CHZ) 6 —(CH2)7—: —(CHE) 8
—(CH2)9 ? {CH2) 10 3 {CHE) 11 3 {CHE) 12

The term “C,_,,-alkenylene” refers to a divalent C,_,,-
alkenyl of formula —(CH,)—(CH=—CH),—(CH,),—
wherein x and z are, independently, 0, 1, 2, 3,4, 5, 6,7 or
8and vy is 1, 2, 3 or 4. Similarly, the term “C,_s-alkenylene”,
refers to a divalent C,_-alkenyl. Examples of alkenylene
groups 1nclude butenyl, pentenyl, pentadienyl, hexenyl,
hexadienyl, heptenyl, heptadienyl, octenyl, octadienyl, non-
enyl, nonadienyl, decenyl, decadienyl, undecenyl, undeca-
dienyl, undodecenyl, undodecadienyl, and their straight-
chain and branched and stereo-1somers.

The term “C,_s-cycloalkyl” refers to a saturated or par-
tially unsaturated cyclic hydrocarbon group having 3 to 6
(1nclusive) carbon atoms. This term 1s further exemplified by
groups as cyclopropyl, cyclobutyl, cyclopentyl, and cyclo-
hexyl. The *“C,_(-cycloalkyl” group can optionally be
mono-, di-, tri- or multiply-substituted by a halogen as
deﬁned below, a C,_j-alkyl group as defined above, a

—NH,, a —NH—CO,H, a NH—CO—R“, —CO,H,
—NHR* and/or —NR“’*R‘b wherein R* and R” are mdepen-
dently a C, _,-alkyl group as defined above.

The term —(CH,)—C,_.-cycloalkyl group refers to a
—CH,— substituted C;_.-cycloalkyl group wherein the
cycloalkyl group 1s as defined above.

The term “C,_,, aryl” refers to a monocyclic or bicyclic
aromatic ring system of 6 to 10 (inclusive) carbon atoms,
preferably 6 carbon atoms. This term 1s further exemplified
by groups as phenyl and naphtyl. The C,_,,-aryl group can
optionally be mono-, di-, tri- or multiply-substituted by a
halogen as defined below and/or a C,_,-alkyl group as
defined above.

The terms “halo” or “halogen” refers to fluorine, chlorine,
bromine and 1odine.
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The term “halogen-C, _,-alkyl”, refers to a halogen sub-
stituted C,_,-alkyl group wherein both halogen and alkyl
groups have the meaning as above. Preferred “halogen-
C, 4-alkyl” groups are fluorinated “halogen-C,_,-alkyl”
groups such as —OF,, —CH,—CF,, —CH(CF,),, —CH
(CH;)(CE;), —C,Fs.

The term “C, _,,-alkoxy” refers to a branched or straight-
chain monovalent saturated aliphatic hydrocarbon group of
1 to 12 (inclusive) carbon atoms attached to an oxygen atom.
Similarly, the terms “C, _s-alkoxy”, “C,_c-alkoxy”, “C, -
alkoxy”, “C,_,-alkoxy” refer to branched or straight-chain
monovalent saturated aliphatic hydrocarbon groups of,
respectively, 1 to 8 (inclusive), 1 to 5 (inclusive), 1 to 4
(inclusive), 1 to 2 carbon atoms. Examples of “alkoxy”
groups are methoxy, ethoxy, propoxy, butoxy, pentoxy,
hexyloxy, heptyloxy, octyloxy, and their branched 1somers.

The term “C_,,-heteroaryl” reters to a heterocyclic aryl
group containing 1 to 3 heteroatoms in the ring with the
remainder being carbon atoms. In the said heterocyclic aryl
group, suitable heteroatoms include, without limitation, sul-
tur and nitrogen. Exemplary heteroaryl groups include indo-
lyl, azaindolyl, thiophenyl, benzothiophenyl, thicazolyl,
benzothiazolyl. The heteroaryl group can optionally be
mono-, di-, tr1- or multiply-substituted by a halogen and/or
a C,_,-alkyl group, as defined above. When the heteroaryl
group 1S mono-, di-, tri- or multiply-substituted by a C, _,-
alkyl group, said alkyl group 1s pretferably a methyl group.

The term “polyether ring”, refers ring containing 1, 2, or
3 ether groups, an ether group being an oxygen atom
connected to two alkyl groups as defined above

The term “lactone™ refers to a closed ring containing an
oxygen atom adjacent to a carbonyl group (—CO—0O—). It
can be considered as the condensation product of an OH
group with a CO,H group.

The term “lactam™ refers to a closed ring containing an
nitrogen atom adjacent to a carbonyl group (—CO—NH—
or —CO—NR— with R being for example an alkyl group
as defined above).

The terms “substituted” and “substitution and the like”,
refer to the replacement of one, two, three or more atoms 1n
a given group by one, two, three or more suitable substitu-
ents, including, without limitation, a halogen, a C._,, aryl
group, a C,_,-alkyl group, a C,_,-alkyl group, a C, ,-alkoxy
group, a NH,, a NH—-CO—R“, —CO,H, —NHR“ and/or
—NR“R” wherein R* and R” are independently a C, _,-alkyl
group, or a mixture of those substituents.

In some embodiments of the invention, the compounds of
the invention can contain one or more asymmetric centers
and thus occur as racemates and racemic mixtures, single
enantiomers, 1ndividual diastereoisomeric mixtures. All
such 1someric forms of these compounds are included in the
present mvention, unless expressly provided otherwise.

In some embodiments, the compounds of the mvention
can contain one or more double bonds and thus occur as
individual or mixtures of 7Z and/or E 1somers. All such
1someric forms of these compounds are included in the
present invention, unless expressly provided otherwise.

In the embodiments where the compounds of the inven-
tion can contain multiple tautomeric forms, the present
invention also includes all tautomeric forms of said com-
pounds unless expressly provided otherwise.

In the embodiment where R’* together with R° form a
lactone or a polyether ring,

R’“is C,_,,-alkylene, preferably C, ;-alkylene group, and

1s linked to a —CO—O— or to a —O— functional
group in R°, or
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R’* is C,,.-alkenylene, preferably C, .-alkenylene
group, and 1s linked to a —CO—0O— or to a —O—

functional group in R°.

In the embodiment where R’” together with R® form a
lactam, R* is a —(CH,),—CO—NHR’ and R’ is
—(CH,),—NH— with q' being 2, 3, 4, 5, 6, 7 or 8.

In the embodiment where R” together with R°® form a
lactam, R is a —(CH,) NHR” and R” is a direct link
between —(CH,) NH— and a —CO— functional group in
R®.

In the embodiment where R® together with R°® form a
lactone or a polyether ring:

R® is C,_,,-alkylene, preferably C, .-alkylene group, and
1s linked to a —CO—O— or to a —O— functional
group in R°, or

R® is C,_,,-alkenylene, preferably C, .-alkenylene group,
and 1s linked to a —CO—O— or to a—O— functional
group in R°.

22 a4

The terms “p ring”, “p protemn” or “Pp clamp” herein
designate the 3 subunit of a eubacterial DNA polymerase 111,
such as that of £. coli. The {3 subumit of DNA polymerase 111
of E. coli 1s 1n particular described in Kong, X. P., Onrust,

R., O’Donnell, M. & Kunyan, J. (1992). Three-dimensional
structure of the beta subunit of E. coli DNA polymerase 111
holoenzyme: a sliding DNA clamp. Cell 69, 425-37.

According to an embodiment, P2 has the following for-
mula (IV):

R? O R*
Glnh % %
N N rNR6
H H R
O R’ O R>

wherein R*, R?, R* R, R®, and r are as defined above in
formula (III).

Preferably, in formula (IV), r=0.

According to an embodiment, P2 has the formula (III),
wherein R* is a —(CH,)—C,_.-cycloalkyl group.

According to an embodiment, P2 has the formula (III),
wherein R* is a methylcyclohexane —(CH., )—C . H, , group.

According to an embodiment, P2 has the formula (III),
wherein:

R> is selected in the group consisting of a C,_;-alkyl
group, the side chain of arginine or lysine, —(CH,)_—
CO,R’%, —(CHE)Q—CO—NHRTE’,, —CH,OR® and
—(CH,) qNHRQ, wherein

qis 1, 2, 3 or 4,

R’“ is a hydrogen atom or a C,_,-alkyl group,

R’” is a hydrogen atom or a C,_z-alkyl group,
R® is a hydrogen atom or a C,_g-alkyl group,
R” is a hydrogen atom; and

R® is —COOH, —COOR'°, —CO—NH,, —CO—
NHR', —OR' whenris 1 or 2, —NH—CO—NHR'"
when r 1s 1 or 2, wherein

R'™ is a C,_4-alkyl group optionally substituted by a
Ce_jo-aryl group; a C,_.-cycloalkyl group; a C,_, -
aryl group optionally substituted by a halogen, a
C, _,-alkyl group and/or a C,_,-alkoxy group.
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Preferably, P2 has the formula (III), wherein:

R> is selected in the group consisting of the side chain of
arginine, the side chain of lysine, —(CHz)Q—COZRF"“j
and —(CH,) Q—CO—NHRTbj wherein
qis 1, 2, 3 or 4,

R’“ is a hydrogen atom or a C,_s-alkyl group, and
R7” is a hydrogen atom or a C,_z-alkyl group.

According to an embodiment, in formula (III), R* is a
C, _s-alkyl group or a C, _,-alkyl group optionally substituted
by a C,_-cycloalkyl group.

Preferably, in formula (III), R> is a —(CH,)—C,_,,-aryl
group optionally substituted by a halogen, a C, _, alkyl group
and/or a C,_, alkoxy group.

Preferably, in formula (IIT), R°® is —COOH or —CO—
NH,.

According to an embodiment, P2 1s chosen from the
tollowing peptides: (Arg) -Gln-Leu-Val-Leu-Gly-Leu-OH,
(Arg) -Gln-Cha-Asp-Leu-Phe-OH, Cha representing cyclo-
hexylalanine, (Arg) -Gln-Cha-Asp-Leu-pMePhe-OH, Gln-
Cha-Asp-Leu-pClPhe-OH, (Arg) -Gln-Cha-Asp-Leu-3.,4-
Cl,Phe-OH, and (Arg) -Gln-Cha-Asp-Leu-pBrPhe-OH (n
being O or 1).

According to an embodiment, P2 1s chosen from the
tollowing peptides: (Arg) -Gln-Cha-Asp-Leu-Phe-OH, Cha
representing cyclohexylalamine, (Arg) -Gln-Cha-Asp-Leu-
pMePhe-OH, Gln-Cha-Asp-Leu-pClPhe-OH, (Arg), -Gln-
Cha-Asp-Leu-3,4-Cl,Phe-OH, and (Arg), -Gln-Cha-Asp-
Leu-pBrPhe-OH (n being O or 1).

The present invention also relates to a medicament com-
prising a fusion peptide as defined above, preferably a fusion
peptide having the formula (I) as defined above.

The present mvention also relates to a pharmaceutical
composition comprising a fusion peptide as defined above,
preferably a fusion peptide having the formula (I) as defined
above, 1 association with a pharmaceutically acceptable
vehicle.

While 1t 15 possible for the compounds of the invention to
be administered alone 1t 1s preferred to present them as
pharmaceutical compositions. The pharmaceutical compo-
sitions, both for veterinary and for human use, useful
according to the present invention comprise at least one
fusion peptide having formula (I) or (II) as above defined,
together with one or more pharmaceutically acceptable
carriers and optionally other therapeutic ingredients.

In certain preferred embodiments, active ingredients nec-
essary 1n combination therapy may be combined 1n a single
pharmaceutical composition for simultancous administra-
tion.

As used herein, the term “pharmaceutically acceptable”
and grammatical variations thereof, as they refer to compo-
sitions, carriers, diluents and reagents, are used interchange-
ably and represent that the materials are capable of admin-
istration to or upon a mammal without the production of
undesirable physiological eflects such as nausea, dizziness,
gastric upset and the like.

The preparation of a pharmacological composition that
contains active mgredients dissolved or dispersed therein 1s
well understood 1n the art and need not be limited based on
formulation. Typically such compositions are prepared as
injectables either as liquid solutions or suspensions; how-
ever, solid forms suitable for solution, or suspensions, 1n
liquid prior to use can also be prepared. The preparation can
also be emulsified. In particular, the pharmaceutical com-
positions may be formulated in solid dosage form, for
example capsules, tablets, pills, powders, dragees or gran-
ules.
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The choice of vehicle and the content of active substance
in the vehicle are generally determined 1n accordance with
the solubility and chemical properties of the active com-
pound, the particular mode of administration and the pro-
visions to be observed in pharmaceutical practice. For
example, excipients such as lactose, sodium citrate, calcium
carbonate, dicalctum phosphate and disintegrating agents
such as starch, alginic acids and certain complex silicates
combined with lubricants such as magnesium stearate,
sodium lauryl sulphate and talc may be used for preparing
tablets. To prepare a capsule, 1t 1s advantageous to use
lactose and high molecular weight polyethylene glycols.
When aqueous suspensions are used they can contain emul-
sitying agents or agents which facilitate suspension.
Diluents such as sucrose, ethanol, polyethylene glycol,
propylene glycol, glycerol and chloroform or mixtures
thereol may also be used.

The pharmaceutical compositions can be administered in
a suitable formulation to humans and animals by topical or
systemic administration, including oral, rectal, nasal, buccal,
ocular, sublingual, transdermal, rectal, topical, vaginal, par-
enteral (including subcutaneous, intra-arterial, intramuscu-
lar, intravenous, intradermal, intrathecal and epidural), intra-
cisternal and intraperitoneal. It will be appreciated that the
preferred route may vary with for example the condition of
the recipient.

The formulations can be prepared in unit dosage form by
any of the methods well known 1n the art of pharmacy. Such
methods include the step of bringing into association the
active ingredient with the carrier which constitutes one or
more accessory ingredients. In general the formulations are
prepared by uniformly and intimately bringing into associa-
tion the active ingredient with liquid carniers or finely
divided solid carriers or both, and then, 1f necessary, shaping
the product.

Total daily dose of the compounds of the invention
administered to a subject 1n single or divided doses may be
in amounts, for example, of from about 0.001 to about 100
mg/kg body weight daily and preferably 0.01 to 10 mg/kg/
day. Dosage unit compositions may contain such amounts of
such submultiples thereof as may be used to make up the
daily dose. It will be understood, however, that the specific
dose level for any particular patient will depend upon a
variety of factors including the body weight, general health,
sex, diet, time and route of administration, rates ol absorp-
tion and excretion, combination with other drugs and the
severity of the particular disease being treated.

The present invention also relates to the fusion peptide as
defined above for use as an antibacterial agent.

The present invention also relates to the fusion peptide as
defined above for use for the treatment of bacterial infec-
tions. According to an embodiment, the bacterial infections
are caused by Gram negative pathogens. Preferably, said
bactenial infections are caused by bacteria belonging to the
following bacteria families: Enterobacteriaceae,
Pseudomonadaceae, Burkholdenales, Neisseriaceae,
Campylobacterales, and Francisellaceae.

According to an embodiment, said bacterial infections are
caused by bacteria selected from the group consisting of:
bacteria from the genus Escherichia sp, in particular E. coli;
bacteria from the genus Klebselia sp, in particular K. pneu-
moniae; bacteria from the genus Shigella sp., 1n particular S.
sonnei, S. dysenteriae, and S. flexneri, bacteria from the
genus Salmonella sp., 1n particular S. enterica, S. tvphi, and
S. parathyphi;, and bacteria from the genus Yersinia sp., in
particular Y. enterocolitica and Y. pestis.
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According to an embodiment, said bacterial infections are
caused by bacteria selected from the group consisting of:

bacteria from the genus Acinetobacter sp, 1n particular A.
baumannii, and bacteria from the genus Pseudomonas sp., 1n
particular P. aeruginosa.

According to an embodiment, said bacterial infections are
caused by bacteria selected from the group consisting of:
bacteria from the genus Burkholderia sp, 1n particular Bur-
kholderia cepacia.

According to an embodiment, said bacterial infections are
caused by bacteria selected from the group consisting of:
bacteria from the genus Neisseria sp, 1n particular N. gon-
orrhoeae and N. meningitidis.

According to an embodiment, said bacterial infections are
caused by bacteria selected from the group consisting of:
bacteria from the genus Campylobacter sp, in particular C.
jejuni.

According to an embodiment, said bacterial infections are
caused by bacteria selected from the group consisting of:
bacteria from the genus Francisella sp., 1n particular Fran-
cisella tularvensis.

According to an embodiment, the infections according to
the mnvention are chosen from infections caused by multi-
drug resistant (MDR) bactena, extensively drug-resistant
(XDR) bactena or pandrug-resistant (PDR) bacteria, derived
from the above bacteria.

According to an embodiment, the infections according to
the mvention are chosen from infections caused by antibi-
otic-resistant bacteria, 1in particular with carbepenem resis-
tance, cephalosporin resistance, or fluoroquinolone resis-
tance. Such antibiotic-resistant bacteria are 1n particular

mentioned 1n the WHO website (http://www.who.int/medi-
cines/publications/ WHO-PPL-Short_Summary_25Feb-

ET_NM_WHO.pdf?ua=1).

According to an embodiment, the bacterial infections are
selected from the group consisting of the following infec-
tions: respiratory infections, stomach infections, gastroin-
testinal infections, blood infections, skin infections, bladder
infections, kidney infections, urinary tract infections, ear
infections, eye infections, and meningial infections. A skin
infection may include an infection of a mucosal membrane,
such as the oral cavity, oesophagus or eye, e.g. cornea.

In the context of the invention, the term “treating” or
“treatment”, as used herein, means reversing, alleviating,
inhibiting the progress of, or preventing the disorder or
condition to which such term applies, or one or more
symptoms of such disorder or condition.

FIGURES

FI1G. 1 concerns the analysis of peptide penetration into £.
coli cells. (a) Fluorescence microscopy of E. coli cells
exposed to the three different FITC labeled peptides. (b) The
average FITC signals generated by more than 100 bacteria
for each peptide were compared and results are represented
as a boxplot. ANOVA analysis of the data set confirms that
P,,, (FITC-Py) penetrates on average about 3 times more
cihiciently than either P,, (FITC-Py-P,Scr) or P, ., (FITC-
Py-P.) (***P<0.000001).

FIG. 2 concerns the 1 vivo survival assay using Droso-
phila melanogaster 1ntection model. Seven-day-old female
kenny“"***" flies were infected by septic injury with a thin
tungsten needle previously dipped in an E. coli suspension

diluted 1n PBS and kept at 29° C. 1 and 24 hours after
infection, 18.4 nl of peptides (1 mM) diluted 1n PBS or PBS
alone were 1njected 1nto the tlies body cavity. (A) Survival

curves. (B) Survival rate after 96 hours. (C) Lethal time 50%
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(LT50). Data represent meanszstandard errors of at least 3
independent experiments, each containing three groups of

20 flies. One-Way ANOVA test: *P<0.05, **P<0.01,
#¥%pP<0.001. ns: non-significant (P28: Oncll2; P30:
Oncl112-P7; P120: Onc112-P7Scr).

FIG. 3 concerns the analysis of peptide penetration into £.
coli cells. (A) Confocal LSM of D22 E. coli cells exposed
to the three different FITC labeled peptides (9 uM) and
stained with Nile Red. Composite image were obtained by
merging the FITC (colored in dark grey) and Nile Red
(colored 1n light grey) channels and clearly show the cyto-
plasmic localization of FITC. (B) Three dimensional analy-
s1s of the FITC-K-Py (9 uM) peptide penetration in the
bactenial cytoplasm. D22 cells were treated as in A, except
that they were additionally stained with DAPI. It clearly
appears that the two fluorescent signals from DAPI and
FITC are located within the cell, while Nile Red stains the
lipidic phases of membranes. This unambiguously indicates
that the fluorescent peptide 1s transported into the cytoplasm.
(C) Representative fluorescent microscopy images of D22 E.
coli cells exposed to the three different FITC labeled pep-
tides (9 uM) and stained with DAPI. Fusion peptides are less

ciliciently uptaken than FITC-K-Py. (D): Relative FITC
fluorescence quantification (average+SD) normalized to that
measured with FITC-K-Py peptide.

FIG. 4 concerns the co-immunoprecipitation of FITC-K-
Py-P, peptide with the E coli p SC. E. coli D22 cells were
incubated for 1 hour with or without 16 uM of the indicated
FITC labelled peptide (lanes 1 and 3: no peptide; lanes 2 and
6: FITC-K-Pyr; lanes 3 and 7: FITC-K-Py-P7Scr; lanes 4
and 8: FITC-K-Py-P7). Lanes 1-4: 3% of the pre-cleared
extracts were loaded as input controls. Lanes 5: Ig G
sepharose beads pull down of the pre-cleared extracts not
exposed to ant1-FI'TC antibody. Lanes 6 to 8: Ig G sepharose
beads pull down of the pre-cleared extracts previously
incubated with FITC-labelled peptides and then exposed to
ant1-FI'TC antibody. Lanes 9-11: purified native 3 SC protein
(lane 9: 5 ng; lane 10: 10 ng; lane 11: 20 ng). Upper 1image:
western blot using the Ab 246, p SC specific monoclonal
antibody. Lower image: total protein staining of the same
membrane. M: Molecular weight markers.

EXAMPLES

The present invention 1s based on the combination of the
P7 peptide with two PrAMPS, Oncll2 (Knappe, D.,
Piantavigna, S., Hansen, A., Mechler, A., Binas, A., Nolte,
O., Martin, L. L., and Hoflmann, R. (2010). Oncocirn
(VDKPPYLPRPRPPRRIYNR-NH2). a novel antibacterial
peptide optimized against gram-negative human pathogens.
J Med Chem 53, 5240-3247; Knappe, D., Zahn, M., Sauer,
U., Schiffer, G., Strater, N., and Hoflmann, R. (2011).

Rational design of oncocin derivatives with superior pro-
tease stabilities and antibacterial activities based on the
high-resolution structure of the oncocin-DnaK complex.
Chembiochem 12, 874-876) and unglycosylated pyrrhocori-
cin (Py) (Hofimann, R., Bulet, P., Urge, L., and Otvos, L., Ir.
(1999). Range of activity and metabolic stability of synthetic
antibacterial glycopeptides from insects. Biochim Biophys
Acta 1426, 459-467; Taniguchi, M., Ochiai, A., Kondo, H.,
Fukuda, S., Ishiyama, Y., Saitoh, E., Kato, T., and Tanaka, T.
(2016). Pyrrhocoricin, a proline-rich antimicrobial peptide
derived from insect, inhibits the translation process in the
cell-free Escherichia coli protein synthesis system. J Biosci
Bioeng 121, 591-598), to form two fusion peptides, P, and
P,, s respectively.
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Beside their own antibacterial eflect, the PrAMPS serve
as Trojan horses and transport P, into the cell where each

peptides will be able to bind to its respective intracellular
target.

Material and Methods

Peptides Synthesis.

Pyrrhocoricin (Py) was purchased at Novopro (Shangai,
China). Mass spectrometry analysis of Py was performed
using an Autoflex III apparatus (Brucker).

Commercially available reagents were used throughout
without purification. N,N-dimethylformamide (DMF, pep-
tide synthesis-quality grade) was purchased from Carlo
Erba, and piperidine and trifluoroacetic acid (TFA) were
purchased from Alfa Aesar. Rink amide PS or Wang resin
was purchased from MerckMillipore. 0-(Benzotriazol-1-yl)-
N,N,N'",N'-tetramethyluronium hexafluorophosphate
(HBTU), N, N'-dusopropylcarbodiimide (DIC) and (Benzo-
triazol-1-yloxy)tris(dimethylamino) phosphonium
hexafluorophosphate (BOP) and all standard N-Fmoc-pro-
tected L- and D-amino acids were purchased from Iris
Biotech. N,N-Diisopropylethylamine (DIEA) and 3(6)-Car-
boxytluorescemn (FITC) were purchased from Sigma-Al-
drich. Peptides were synthesized on solid support from a
fully automated microwave peptide synthesizer: Liberty
Blue System synthesizer (CEM Corporation). RP-HPLC-
quality acetonitrile (CH,CN, Sigma-Aldrich) and MilliQQ
water were used for RP-HPLC analyses and purification.
Analytical RP-HPLC analyses were performed on a Dionex
U3000SD with a Macherey-Nagel Nucleodur column (4.6x
100 mm, 3 um) at a flow rate of 1 ml'‘min~" at 50° C. The
mobile phase was composed of 0.1% (v/v) TFA-H,O (sol-
vent A) and 0.1% TFA-CH,CN (solvent B). Purification was
performed on a Gilson GX-281 with a Macherey-Nagel
Nucleodur VP250/21 100-5 C18ec column (21x2350 mm, 5
um) at a flow rate of 20 mL-min~". LC-MS analyses were
recorded 1n positive 1on-mode with an ESI 1ion source on an
Agilent™ Time-of-Flight MS mass spectrometer Model
6230 coupled with Agilent™ 1290 series front-end.
Peptides with an Amidated C-Terminus Such as P,., Py and
Pas

Peptides were synthesized using a Rink Amide PS resin

with low loading (0.32 mmol-g™),

Peptides with an Acid on C-Terminus Such as P30, P120,
P116, P188, P150 and P72

Peptides were synthesized using a Fmoc-Phe-Wang resin
with low loading (0.31 mmol-g~') or Wang resin with low
loading (0.30 mmol-g™!).

The attachment of the First Amino Acid on Wang Resin
was performed from symmetrical anhydride method. 10.0 eq
of Fmoc-amino acid (relative to resin loading) were dis-
solved 1n dry DCM with a minimum amount of DMF. The
reaction mixture was cooled to 0° C. and 5.0 equiv of DIC
(relative to resin loading) were slowly added to the amino
acid solution. The mixture 1s stirred for 20 min at 0° C. and
DCM was evaporated. The residue was dissolved 1n a

[

mimmum of DMF and added to the resin suspension fol-
lowed by 0.1 equiv of DMARP (relative to resin loading). The
suspension 1s shaken at room temperature for 2 h.
General Procedure for Peptide Synthesis

The standard SPPS methodology was applied with Fmoc/
tBu protocol. Resin was placed into a reaction vessel and
was allowed to swell using a mixture of DMF and DCM
(50%, v/v) for 30 min. After swelling, peptides were syn-
thesized with automated microwave by repetition of the
tollowing cycle conditions: 1) Fmoc deprotection performed
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with a solution of 20% piperidine 1n DMF 1n two steps: 30
and 180 s, both at 75° C., 100 W, and 2) and coupling
reactions performed with 5.0 eq. (according to resin initial
loading) of Fmoc amino acid (0.5 mmol, 2.5 mL of 0.2 M
solution of DMF), 5 eq. of HBTU (0.5 mmol, 2.5 mL o1 0.2
M solution in DMF) 1n presence of 10 eq. of DIEA (1 mmol,
0.5 mL of 2 M DMF solution). Each coupling of N-Fmoc-
protected amino acid was performed twice and heated at 75°
C. under MW 1rradiation: 30 W for 300 s.

Protocol for the On-the-Resin N-Terminal Fluorescent
Probe Introduction for P,,,, P, ., and P,

1) 8.0 eq. (according to resin initial loading) of a carboxy-
derivative Fluorescein with 8.0 eq. of BOP were dissolved
in DMF NMP was added dropwise until a homogeneous and
limpid solution. Then, the reaction mixture was stirred with
vigorous agitation at room temperature for 1 h.

2) Transfer the activated fluorescein solution mto a
syringe with the pre-swelled peptide-resin. Under vigorous
agitation, DIEA was added dropwise, allowing complete
homogenization between additions (usually 10-15 min). The
reaction was then carried out for 48 h and after the peptide-
resin was washed with DMF (x2), DCM (x3) and DMF (x2).
Finally, a solution of 20% piperidine in DMF (v/v) added to
the peptide-resin and stirred for 30 minutes.

After completion of the synthesis, the peptide resin was
filtered and then washed with DMF (x2) and DCM (x3)
before drying. The cleavage step and removal of the pro-
tecting groups were performed by treatment with 5 mL of a
freshly prepared solution: TEA/TIS/H,O (95/2.5/2.5; viv/iv)
and stirred for 4 h at room temperature. The resin was then
filtered ofl, and the filtrate was concentrated under reduced
pressure. The crude peptide was precipitated as TFA salts
using cold Et,O (z 20 mL). The precipitate was recovered by
centrifugation, dissolved in a mixture of ACN/H,O and
freeze dried. Finally, the solid crude was dissolved 1n
mixture of ACN/H,O with minimum of ACN and purified
with the approprniate gradient on semi-preparative
RP-HPLC.

Bacterial Strains.

E. coli strain D22 (F-, IpxC101, proA23, lac-28, tsx-81,
trp-30, his-51, tufAl, rpsL173(strR), ampCp-1 was pur-
chased at . coli Genetic Stock Center (Yale University) and
used 1n the determination of MIC and 1n the peptide pen-
etration assays. E. coli ATCC237724 cells were used to infect
D. melanogaster tlies. 70S ribosomes were purified from the
E. coli MRE600 strain (Accession AY140951) and BL21
(DE3) pLys strain was used for production of the DnaN
protein.

Production of £. coli 70S Ribosome Particles.

E. coli MRE600 cells were grown at 37° C. in LB medium
until OD°"°=1. Cells were centrifuged at 4° C., and pellets
were resuspended 1n butler A (20 mM Tris HC1 pH 7.5; 200
mM NH,Cl; 20 mM MgCl,; 0.1 mM EDTA; 6 mM B-mer-
captoethanol) and lysed using a French press at 1.6 kbar. The
crude lysate was centrifuged (18 200 rpm) for 30 mn at 4°
C. The supernatant was further centrifuged (47000 rpm) at
4° C. for 4 hours and the pellet resuspended m 12.5 ml of

bufler A. This solution was laid on a 30% sucrose cushion
and centrifuged (34 000 rpm) for 19 hours at 4° C. The
ribosome pellet was resuspended 1n 12.5 ml bufler B (20
mM Tris HCl pH 7.5; 30 mM NH_,CI; 10 mM Mg(Cl,; 0.1
mM EDTA; 6 mM -mercaptoethanol) and centrifuged
again (18 200 rpm) for 1 hour at 4° C. The supernatant was
concentrated on Centrikon 100K (Millipore) and washed
extensively with ITC 70S bufler. Ribosome concentration
was determined by UV absorption at 260 nm. Samples were
snap frozen 1n liquid nitrogen and kept at —-80° C.
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Production and Purification of £. coli Sliding Clamp.

The DnaN protein was expressed from plasmids pET15b,
containing the dnaN gene from . coli, transiected in BL21
(DE3) pLys E. coli strain. Cells were grown 1 LB at 37° C.
to OD 0.5, then induced by IPTG (0.1 mM) at 28° C.

overnight. DnaN protein was first enriched on a Ni-NTA
column, eluted with an 1imidazole step (300 mM) and further

purified on a Source Q column in builer containing 20 mM

Tris HCI pH 7.5, 0.5 mM EDTA and 10% glycerol, using a
gradient from O to 0.5 M NaCl. After a final ultracentrifu-
gation (45K, 1 h, 20° C.), soluble proteins were concentrated
on a Centricon 30K (Millipore) 1n the same bufler and stored
at 4° C. in 2 M ammonium sulfate.

Isothermal Titration Calorimetry (ITC) Experiments.

ITC experiments were pertormed on a 1TC,,, (Microcal
Malvern Panalytical) or PEAQ-ITC instrument (Microcal
Malvern Panalytical). The E. coli SC were washed exten-
sively with ITC buffer (R1 bufler: 10 mM Hepes pH 7.4,

0.15 M NaCl, 3 mM EDTA) on Centrikon 10K at 4° C.
betore ITC experiments. DLS analysis shows that the pro-
tein solution 1s monodisperse (data not shown). Similarly, £.

coli 70S ribosome particles were also washed extensively
with I'TC 708 bufler (50 mM Trnis HCI pH7.3, 30 mM KCl,

70 mM NH_,Cl, 7 mM MgCl,, 1 mM DTT, 5% glycerol) on
Centrikon 100K at 4° C. betfore ITC experiments. Peptides
(100 to 400 uM) were ftitrated at 30° C. (303.15 K) 1n
sequential imjections (usually 2 ul each) into a SC (20 or 30
uM) or 70S (10 to 15 MM) solution. Data were corrected
from control experiments 1n which peptides were 1njected 1n
I'TC bufler solution. Each titration was performed at least
twice. Analyses of experimental data were performed with
AFFINImeter software (https://www.atlinimeter.com; S4S,
Santiago de Compostela Spain). All thermodynam1c data
are provided in Table 2.

Microdilution Broth Assays.

E. coli strains were cultivated on either agar or liquid 1x
Mueller Hinton broth unless specified. MIC assays were
performed in duplicate in 96-well microtiter plates on the
basis of the protocol recommended by the Clinical and
Laboratory Standards Institute. Briefly, a mix of 5-6 fresh
(less than 36 hours) colonies grown on MH agar plates were
inoculated 1n 3 ml of MH broth and incubated for about 16
h at 37° C. under agitation. 30 ul of this saturated culture
were moculated 1 3 ml of fresh medium and allowed to
grow until OD,,, nm of about 0.6-0.8. Dilution to an OD,
nm of 0.002 was made in MH broth. Within a time laps not
exceeding 30 min, 50 pl of this cell suspension was added
to S50 ul of MH broth (containing or not the peptide/antibiotic
diluted in MH broth) 1n wells of a 96-well round bottom
microwell plate (Greiner; final cell density about 2 to 5x10°
ciu/ml). Plates were incubated at 37° C. for 18-24 h and final
turbidity of each well was measured at 620 nm using a
Multiskan FC microplate reader (Thermo Scientific). MIC
was defined as the minimal antibiotic concentration that
result 1n no increase of turbidity at that time. Each MIC
determination was performed in duplicate and at least in two
independent experiments. Plating of 75 ul of the content of
the wells of interest on LB Agar plates was used to deter-
mine the MBC that 1s defined by a decrease of at least 99.9%
of cell viability as compared to the number of viable cells 1n
the inoculum (about 2 to 5x10* cfu).

Peptides Penetration Assays.

In order to analyse the penetration capacity of the peptides
in I, coli D22 cells, FITC-labeled peptides were added to 1
ml of bacterial cultures (OD,,=0.8) at a final concentration
of 8 nug/ml. The cells were allowed to acquire the peptides
for 1 h at 37° C., washed 3 times with 0.5 ml PBS, fixed with
1% formaldehyde solution in PBS for 45 min at room
temperature, washed 3 times with 0.5 ml PBS and finally
resuspended 1 50 ul PBS. Cells were visualized using a
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Leica DM3500 microscope equipped with a 100x objective
and 1mages were processed using Fij1 software. One-way
ANOVA statistical analysis was performed with the R pack-
age.

In Vivo Survival Assay Using a D. melanogaster Infection
Model.

S0ml of E. coli ATCC23754 were grown at 29° C. 1n LB
media up to exponential phase (ODg,,=0.6-0.8) and centri-
fuged at 5.000 g for 5 min. The pellet was then diluted 1n 1
ml of PBS. Immune-deficient kenny““***' (Bou Aoun, R.,
Hetru, C., Troxler, L., Doucet, D., Ferrandon, D., and Matt
N. (2011). Analysis of thioester-containing proteins during
the mnnate immune response of Drosophila melanogaster. ]
Innate Immun 3, 52-64) tlies were raised at 25° C. with 60%
humidity on standard cornmeal-agar medium. Seven-day-
old female flies were infected by septic injury with a thin
tungsten needle previously dipped i an E. coli suspension
diluted 1n PBS and kept at 29° C. 1 and 24 hours after
infection, 18.4 nl of peptides (1 mM) diluted in PBS or PBS
alone were injected into the fly body cavity (Nanoject 11
apparatus; Drummond Scientific). Because log-rank analy-
s1s can only compare two survival curves at a time in the
same experiment, we decided to compute the median lethal
time 50 (LT50) and the survival rate at 96 hours to perform
One-way ANOVA statistical analysis.

RESULTS

Peptides Chemical Synthesis.

Peptide P7 (AcQXDLE, X=cyclohexylalanyl, Cha) has
been previously developed, according to a structure-based
strategy (Wolll, P., Olieric, V., Briand, J. P., Chaloin, O.,
Dejaegere, A., Dumas P., Jnmfar E. Gu1chard G., Wagner,
J., and Burnouf D. Y (2011) Srmcmre based deszgn of
Short peptide ligands binding onto the E. coli processivity
ring. ] Med Chem 34, 4627-4637), for 1ts increased inter-
action with ““SC. As compared to the original natural SC
binding peptide (RQLV LGL) from the E. coli DNA poly-
merase 1V, its affinity for the *°SC target shows a 50 fold
increase, yielding a dissociation constant (K ) of 400 nM at
30° C. Oncll2 1s derived from a natural oncocin from the
Hemipteran Oncopeltus fasciatus, which has been modified
to 1ncrease its stability. Pyrrhocoricin 1s another natural

PrAMP from Pyrrhocoris apterus (Cociancich, S., Dupont,
A., Hegy, G., Lanot, R., Holder, F., Hetru, C., Hoflmann, J.

A., and Bulet, P. (1994). Novel inducible antibacterial
peptides from a hemipteran insect, the sap-sucking bug
Pyrrhocoris apterus. Biochem J 300 (Pt 2), 567-5735). Both
peptides interact within the PEC of Gram-negative bacterna
70S ribosomes, block the peptidyl transierase center and
ultimately inhibit translation. Another intracellular target of
PrAMPs, namely DnaK, was also identified but the PrAMP-
DnaK interaction was not considered as the major molecular
event responsible for bacterial growth inhibition.

Covalent fusion peptides joining P, and PrAMP peptides
sequences were synthesized and 1t has been shown that the
fusion peptides of the invention display a synergic antibac-
tertal activity. N-terminal labeled FITC derivatives were
also mitially synthesized to follow the peptide penetration 1n
bacterial cells. All peptides used in the examples are pre-
sented 1n Table 1.

Peptide Interactions with “°SC and “70S.

The peptide interactions with their respective targets were
monitored by ITC at 30° C. The interaction of P7 with *°SC
1s a spontaneous enthalpy driven process, as previously
observed. The unfavorable entropic factor can be partly
related to the loss of freedom degrees due to peptide binding.
PrAMPs P28 and Py do not interact with “°SC. In contrast,
the fusion peptides, resulting from the C-terminal addition
of P, to each PrAMP, i.e. P,, (Onc112-1°.) and P, , . (Py-P.),
interact with ““SC as efficiently as P7 alone, as shown by the
similar  thermodynamic  profiles (Table 2 A).
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TABLE 1

Peptideg used in the examples.

18

Name sedquence Mw Target

P7 Ac-QChaDLF-OH 716 .82 £95¢

P28 Oncllz2 VDKPPYLPRPRPPRr1YNr-NH, 2389.85 705

P30 Oncll2-P7 VDKPPYLPRPRPPRr1YN¥NGPRQChaDLF-OH 3472.08 #°5C and 70S
P120 Oncll2-Scr VDKPPYLPRPRPPRr1YN¥NGPRChaFQLD-OH 3472.08 £°8¢C and 708
Py Pyvrrhocoricin VDKGSYLPRPTPPRPIYNRN-NH, 2339.70 705

P116 Py-P7 VDKGSYLPRPTPPRPIYNRNGPRQChaDLF-OH 3307.82 £95¢C and 708
P188 Py-P7Scr VDKGSYLPRPTPPRPIYNRNGPRChaGQLD-OH 3307.82 705

P1l22 FITC Py FITC-KVDKGSYLPRPTPPRPIYNRN-NH, 2826 .17 705

P150 FITC-Py-P7 FITC-KVDKGSYLPRPTPPRPIYNRNGPRQChaDLF-0OH 3794 .30 £95C and 70S
P72 FITC-Py-P7Scr FITC-KVDKGSYLPRPTPPRPIYNRNGPRChaFQLD-OH 3794.30 705

Cha: cyclohexylalanine.

r: (D)-R amino acid.

Scr: scramble.

FITC: fluoresceln lsothiocyanate.

Pyrrhocoricin was purchased trom Novopro.

For all peptides the purity, as determined by HPLC (A = 214 nm),

However, these fusion peptides have a slightly increased
affinity for “°SC as compared to P7 (Table 2 A), which may

wag =985%.,

how perturbs the stability of the P./SC complex. The two
other fluorescent peptides, P,,, (FITC-Py) and P, (FITC-

result from additional interactions established by PrAMPs or S Py-P-Scr) do not interact with “°SC (SI1.1 H and J).
linker residues. Notably, the R residue of the linker (-GPR-; The interaction of each peptide with the “°70S ribosomal
Table 1) of fusion peptides is observed in the natural “°SC particle was also characterized by I'TC (Table 2 B). For all
binding peptide of DNA polymerase IV and was previously peptides, the interaction with “°70S is an enthalpy driven
shown to establish interactions with ““SC residues, notably process, presents an unfavorable entropic factor (-TAS) that
F,- .. Other residues from the fusion peptides may interact at 32 could be partly attributed to the loss of freedom degrees of
the surface of the clamp, thus contributing to their increased the peptide upon binding 1n the 70S particle PEC, and a
aflinity for the target. Gibb’s free energy that ranges around -10 kcal/mole, 1ndi-
Control fusion peptides, P,,, (Onc112-P,Scr) and P188 cating the spontaneous nature of the interaction (Table 2B).
(Py-P,Scr) were synthesized using a scrambled variant ot P, PrAMPs interact with high athnmity with their target, with Kd
(P,Scr, XFQLD, X=cyclohexylalanyl, Cha). Both peptides % in the order of 84 nM and 15 nM for Oncl12 and Py,
fail to interact with “°SC, underlining the sequence speci- respectively. The afhinity of Oncl12 1s fivefold lower than
ficity of the P, interaction within the “°SC pocket. The that measured for the natural PrAMP Py, probably because
labeled fusion peptide P, <, (FITC-Py-P,) similarly interacts of the presence of the two D-arginines, as the increase 1n
with ““SC when compared to the unlabeled peptides (P and stability might have been selected at the expense of the
P,,) (Table 2). However, the standard deviation observed + allinity. The fusion peptides P, (oncl12-P,) and P, (Py-
between experiments 1s larger than for other P, derivatives, P.) also efficiently interact with #°70S, almost similarly as
presumably because the presence of the FITC moiety some- the corresponding single peptides (Table 2B).
TABLE 2
A
P120 P72
P28 P30 Onc P1&8 P122 P150 FITC-
P7 onc Onc 112- Py P116 Py- FITC-  FITC-  Py-
P7 112 112-P7 P7Scr Py Py-P7  P7scr Py Py-P7  P7Scr

AH -13.7 £ N1 -13.5 + Ni N1 -13.9 £ Ni N1 -17.2 £+ NI

(kcal/ 2.07 0.46 0.4% 4.53

mole)

-TAS 471 =+ NI 4.2 = N1 N1 4.3 + N1 N1 821 =+ Ni

(kecal/ 2.25 04.%8 0.59 5.0

mole)

AG  -9.00 = Ni -9.28 + NI Ni -9.61 £+ NI Ni -8.99 + Ni

(kcal/ 0.19 0.02 0.11 0.53

mole)

Kd 332+ N1 205+ N1 N1 119 +  Ni N1 390 £ NI

(nM) 124 0.0%8 22 150




US 12,098,217 B2

19
TABLE 2-continued
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B
P120 p72*
P2¥ P30 Onc P18& P122*  P150*  FITC-
P7 Onc Onc 112- Py P116 Py- FITC-  FITC-  Py-
P7 112 112-P7 P7Scr Py Py-P7 P7Scr Py Py-P7 P7Scr
AH Ni 239+ 256z -13 = -192 £ 223 -154« -201=x -13 = —-8.92 =
(kcal/ 4.1 2.56 2.27 0.4% 3.82 0.44 13 6.6 0.2
mole)
-TAS NI 140 157+ 312+ 823+ 12 = 5.5 % 13.3 + 6.7 + 2.94 +
(kcal/ 4.3 2.45 2.9 0.03 3.76 0.65 13.2 4.8 0.2
mole)
AG N1 082+ 992+ 985+ -109x -103 £ 98+ -69]l £ -6.27x =598
(kcal/ 0.19 0.11 0.63 0.52 0.06 0.2 1.33 0.23 0.2
mole)
Kd Ni R4 + 704 = 101 = 155+ 37 =+ 758+ >10uM >10uM >10 pM
(nM) 27 12.7 0.9 11.9 0.37 258

A peptides interaction with 2aNel

B: peptides interaction with £e708,

All experiments were performed at 307 C. {(303.15 K).
Data are means of at least two different experiments.
N1: no specific interaction.

*: values not well defined because of the weak interaction due to the FITC moiety.

Although P28 and Py present similar thermodynamic
profiles, indicating an overall similar mode of interaction,
their respective thermodynamic values are significantly dif-
ferent (Table 2). This suggests some differences between
peptide interactions within the PEC and correlate with
structural data where 16 Py residues, but only 12 for P,4, are
modeled 1n the Tth PEC, indicating that Py i1s more stable
than P,q.

P does not specifically bind to “°70S but some unspecific
binding might be observed. When coupled to P,5 and P, to
form the bi-functional peptides P,, and P, , , the P, sequence
does not aflect the interaction of the PrAMPs with the
ribosome (Table 2B). In fact, the diflerences 1n thermody-
namic values observed between the parental peptides P,
and Py are no longer observed when using the corresponding
bi-functional peptides. This suggests that P, slightly con-
tributes to the overall interaction of the bi-functional peptide
in the PEC. In contrast, the enthalpic and entropic factor
values drop dramatically for P,,, and P, peptides, sug-
gesting that, when compared to P, the scrambled sequence
aflects the mode of interaction with 23S residues. This
results 1n slightly smaller athinities for P, and P, 4, than for
other related peptides (Table 2B). Finally, the N-terminal
FITC 1s lighly deleterious for the iteraction of Py and 1ts
derivatives with ““70S (Table 2B), indicating that this fluo-
rescent moiety strongly hinders the PrAMP entry mto the
PEC. The poor interaction of these labeled peptides
with #9708 precludes any serious analysis of the thermody-
namic data.

In conclusion of these interaction studies, 1t has been
shown that the fusion peptides (P,, and P, , ) resulting from
the covalent addition of a **SC binding peptide (P.) at the

C-terminal extremity of PrAMPs (Oncll2 or Py, respec-
tively) retain the binding characteristics of each parental
peptide (Table 2), notably 1n terms of specificity. Indeed,
fusion peptides are able to bind both targets, namely #°SC
and “°70S, while their parental peptides are specific of a
single one. Moreover, for all fusion peptides (but P120 and
P188, bearing the scrambled sequence), similar thermody-
namic profiles are observed, indicating that their mode of
interaction with the target are comparable to those of their
parental peptide. Finally, our experiments with FITC-la-
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beled peptides reveal that the added moiety drastically
affects the peptide interaction with “<70S, possibly by hin-
dering entry into the PEC.

In Vitro Antibacterial Activity.

Antibacterial potency of the synthesized compounds was
evaluated by the microdilution broth assay on the E. coli
D22 strain (Table 3). P, alone fails to induce any detectable
antibacterial activity. On the other hand, PrAMPs like
Oncl12 and Py demonstrate antibacterial activities in the
micromolar range (1 ug/ml Oncll12=0.41 uM; 8 pg/ml
Py=3.4 uM), i agreement with previous reports which
determined MIC values of 2 pug/ml (0.82 uM) and 9-18
ug/ml (3.69-7.56 uM) for Oncll2 and Py, respectively.
MBC determination for Py dernived peptides confirms the
bactericidal effect of these peptides, which appear as potent
as ampicilin (Table 3).

When fusions of PrAMPs and P, (i.e. Py, and P, ) were

tested, no increase 1n the activity of the fusion peptides has
been observed as compared to that obtamned with the
PrAMPs alone (compare MIC of P,, to the one of P, and
MIC of P, to the one of Py in Table 3).

TABLE 3

Antibacterial activities of the different peptides on
E. coli D22 strain. Ampicillin and tetracyclin
antibiotics were included n the assays as
positive controls.

MIC” MBC
Name (HM) (Hg/ml) (ng/ml)
P >357 >256 n.d.
P,g: Oncll2 0.21-0.42 0.5-1 n.d.
P3o: Oncll2-P;, 0.15-0.29 0.5-1 n.d.
P50: Oncll2-Scr 0.29-0.58 1-2 n.d.
Py: Pyrrhocorricin 0.85-3.4 2-8 8
P, s Py-P, 1.2-2.4 4-8 8
P gs: Py-P-Scr 1.2-2.4 4-8 n.d.
P,>>: FITC-Py 181-362 512-1024 n.d.
P,5q: FITC-Py-P- 16.9-33.8 64-128 128
P-,: FITC-Py-P-Scr >269.9 >1024 n.d.
Ampicillin 22.9-45.8 8-16 16
Tetracyclin 0.56-1.12 0.25-0.5 0.5

“The range of MIC observed in a minimum of 2 independent experiments are indicated.
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Eliminating or lowering the athnity of the fusion peptides
toward the ribosome should allow the disclosure of the P7
antibacterial activity. To this end, the inventors took advan-
tage of the N-terminal FITC labeling of the Py derived
peptides that was shown to be deleterious to their ribosome
binding capacities (Table 2B). The inventors first tested the
bacterial cell penetration potential of these fluorescent pep-
tides, as previously described for pyrrhocorricin. As shown
in FIG. 1, comparison of the intensity of FITC staining of £.
coli cells after exposure to equal amounts of P, ,,, P, or P-,
reveals that, although all three modified peptides actually
penetrate E. coli cells, the fluorophore-tagged fusion pep-

tides P, ., and P, enter the cells about 3 times less efliciently
than P,,, (FIG. 1). Thus, the C-terminal, SC binding addi-

tional peptidic sequences in the P, ., and P, fusion peptides
somehow prevent an optimal transport of the FITC labeled
molecules within the bacteria. Then the MIC values were
assessed for each of these modified peptides (Table 3). The

strong decrease 1n antibacternial efliciency of P, ,, (FITC-Py)

as compared to Py (64 to 512 fold increase in MIC; Table 3)
1s directly 1n line with the measured decrease of the aflinity
of this molecule to 1ts ribosomal target (Table 2B). The
observed low antibacterial activity may be due either to
residual binding to the ribosome or binding to the DnaK
chaperone as described previously. When fusing P, to P, .-,
resulting 1n P, -, and despite a lower cell penetration capac-
ity (FIG. 1), the MIC value drops by a factor 4 to 16. MBC
determination for P, ., indicates a bactericidal mode of
action of P7. Finally, a scrambled P7 sequence fused to P, ,,
does not show any cytotoxic effect at the highest concen-
tration tested (1024 ug/ml; Table 3). These results defini-
tively demonstrate that intracellular P, acts as an antimicro-
bial, bactericidal agent by interacting with “°SC.

In Vivo Infection Assay.

In order to fturther investigate the validity of our approach,
the efliciency of the fusion peptide P, to control an 1n vivo
infection was tested using £. coli sensitive D). melanogaster
mutant flies. Oncl12 derived peptides were used in this
experiment because of their improved stability. The results
are presented as survival curves (FIG. 2A). From these
curves, the inventors derived the survival at 96 h after
infection and the lethal time 50% (LT.,) (FIGS. 2B and C).
Control peptides were P-, P, and P,,,. The survival curve
obtained with P7 1s similar to that obtained with the PBS
control solution, indicating that the P peptlde has no eflect
on fly survival, in agreement with our previous observations
that 1t does not have any antibacterial efiect on in vitro £.
coli cultures (Table 3; unpublished results). P, has a pro-
tective ellect against E. coli infection as 1t induces a 2.5 fold
increased survival of infected tlies 96 h after injection (FIG.
2B). This 1s 1n line with the known 1n vivo antimicrobial
activity of PrAMPs 1n murine infection models.

In contrast, P, increases the flies survival by a tactor 4.5,
indicative of a synergic eflect of the fusion peptide as
compared to the cumulative eftects of P, and P,,. This
synergic elflect results from the combination of both the
antimicrobial activity of the PrAMP component of P, and
the interaction of P, with its cellular ““SC target. This is
confirmed by the activity of P, ,,, the control fusion peptide,
which contains a P, scrambled sequence and interacts very
weakly with “°SC (Table 2A). The P,,, induced flies sur-
vival does not statistically differ from that measured with
P... This indicates that the Py moiety of both peptides acts
equally on their intracellular target and that the P7Scr moiety
of P120 does not interfere with the #°70S binding process in
vivo. However, 1t 1s statistically different from that measured
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with P, (P<0.05) (FIGS. 2B and C), thus confirming that the
increased survival observed with P,, 1s related to the P7
activity.

The synergic eflect of the fusion peptide P5, on E. coli
sensitive flies survival 1s even more clearly observed when
considering the L'l <, curve (FIG 2C). In this case, 1t appears
that the integrated biological effect of P, 1s strongly differ-
ent from that of P, and P, ..

Thus, the inventors have demonstrated for the first time
the 1 vivo antimicrobial activity of a model SC binding
peptide, namely P, both 1n bacterial cultures and using an
E. coli mfection assay i the fruit fly D. melanogaster.
Moreover, 1t has been shown that the combined action of two
peptides simultaneously targeting the bacterial SC and the
bactenal ribosome yields a synergistic antimicrobial effect
in their 1 vivo infection model.

The antibacterial activity of the peptides was measured by

defining their MIC 1n E. coli. MIC values of 0.5 to 2 ug/ml

were determined for Oncll2 derived peptides, 1n close
agreement with previous reports on Onc112 alone (2 ng/ml).

A MIC value of 2-8 ug/ml was measured for Py and its

derivatives, which 1s a slightly lower value than that mea-
sured previously for Py alone (9-18 ug/ml). The differences
may be related to the different £. coli strains and/or culture
media used 1n these studies. The higher activity of Oncl12
relative to Py probably relies on 1ts engineered increased
stability. Regardless of the PrAMP fused to it, no P, related
toxicity could be observed at this stage. However, a P, effect
1s readily observed when using the fluorescent peptldes that
do not, or barely, interact with the rnbosome: although the
MIC values are low as compared to those obtained with the
unlabeled peptides, the fusion labeled peptide (P, <) induces
a 4 to 16 times lower MIC value (64-128 ug/ml) than 1ts
related PrAMP (P,,,) (512-1024 pg/ml), while the SC

non-interacting control (P-,) 1s out of range (>1024 ug/ml).
The fact that this specific P7 eflect 1s not observed with
unlabeled peptides may most probably be due to the differ-
ence 1n target concentration and afhmities. Because of a
target ratio (*°70S vs “°SC) varying from 13 to 120 and a
three times higher atlinity of fusion peptides (P,, and P, )

for the ribosome than for SC (Table 2), these bifunctional
peptides preferentially interact with the #9708, thus limiting
the effect of the P, moiety. Blocking the peptide interaction
with #°70S by a N-terminal fluorophore redirects peptides
toward the “°SC target, thus revealing the toxic effect of the
inhibition of the interactions between the SC and its natural
partners.

The specific P, mediated effect 1s also observed 1n the {ly
survival test. The bi-functional peptide P;, has a two times
higher protective eflect than its parental peptide P,, on F.
coli nfected tlies (FIG. 2). This effect 1s also similarly
different tfrom that ot P,,, with a scrambled P, sequence,
which 1s, as expected, i1dentical to that measured for P.,.
Surprisingly, the data of this test suggest that the two active
parts of the bi-functional peptide equally contribute to the
survival (FIG. 2). This result was not anticipated from ITC
and MIC experiments and suggests that some other param-
cters modulate the accessibility of the targets in vivo. For
example, differences 1 metabolic activity of the bacterial
cells, between 1n vitro and in vivo situations, may greatly
influence the numbers of ribosomal targets and differences
in target accessibility may also depend on the translating
status/activity of the cell, thus potentially reducing the
contribution of the PrAMP moiety. Alternatively, in vivo
modification(s) and further intracellular degradation of
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translocated peptides may dissociate the two active parts,
thus fueling both the translation and the replication 1nhibi-
tion pathways.

This 1s the first demonstration of an 1n vitro and 1 vivo
antibacterial activity of a SC binding molecule 1ssued from
a structure-based approach.

The present invention i1s thus based on the fact that
peptides specifically designed to block the SC-DNA poly-
merases interaction and to inhibit the replicase activity
readily induce cell death in bactenial cells cultures. More-
over, this bactericidal activity leads to a protective eflect 1n
living animals challenged by a bacterial infection. These
results defimitely validate SC as a molecular target for the
development of a new class of antibiotics inhibiting bacterial
replication. They also demonstrate that the use of the bi-
functional antimicrobial agents presented here, selective for
two different cellular targets involved 1n distinct and essen-
t1al metabolic pathways, triggers a synergistic eflect. Impor-
tantly, the results presented here disclose an eflicient way to
direct peptides targeting multiple aspect of the DNA metabo-
lism. By its involvement in DNA replication and mutagen-
es1s and its yet unexploited potential as antimicrobial target,
the bacterial SC represents a major chance to develop
antibiotics that may participate efliciently to the fight against
antimicrobial resistance. Moreover, targeting simultane-
ously two distinct and essential metabolic pathways math-
ematically reduces the probability of resistance acquisition.
Development of peptides to improve their stability, biologi-
cal availability, bactenial cell delivery and efliciency 1in
arresting major biochemical pathways 1s in progress.
Preparation and Activity of Other Fusion Peptides Labelled
with FITC

Three other peptides were synthetized on the basis of the
same preparation protocol as mentioned above.

These peptides are the followings:

CA3-124 (FITC-Oncl12); CM1-92 (FITC-Oncl12-P7)
and CM1-94 (FITC-Oncl12-P14)

Name seduence

CA3-124 FITC-Oncll2 FITC-VDKPPYLPRPRPPRY 1YNr -NH,

CM1-92 FITC-Oncll2-P7 FITC-K-VDKPPYLPRPRPPRr1YNrG
PRQChaDLF-OH
CM1-94 FITC-Oncll2-Pl4FITC-K-VDKPPYLPRPRPPRY 1YNTG

PRQChaDLdiCIF-0OH

The aim of this approach is to block the interaction of the
bitunctional peptide with the ribosome (through the bulky
FITC moiety addition) in order to measure the antimicrobial
potential linked directly to the SC binding activity of the
peptide.

The lack of interaction with the ribosome of £. coli has
been measured by ITC at 30° C.:

=38 CA3 124 CM1 92
30° C. Oncll?2

Kd (nM) 241 (x48) 7700 =50, 000
AH (kcal/mol) -16.2 ({(x0.3) -22.6 nd

AG (kcal/mol) -9.2 (x0.1) ~7.1 {(£0.4) nd

nd: not determined, non-specific 1lnteraction.
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These experiments show that the presence of an FITC
moiety strongly impedes the interaction between the Oncl112
peptide and 1s bacterial ribosome target.

The antimicrobial activities of these peptides have been
tested against the £. coli ATCC 25922 (DSM 1103) strain in
1x Mueller-Hinton broth as mentioned above. Minimal
Inhibitory Concentrations (MIC) range obtained are listed 1n
the following table:

CA3-124 CM1-92
FITC-K-Oncll2 FITC-K-Oncll2-P7

CM1-94
FITC-K-Oncl12-P14

MIC (M) 32-64 16 4-8

These data show that:

1. As compared to the activity of a monofunctional
peptide such as a FITC modified PrAMP (CA3-124), the
antimicrobial activities of the FITC-PrAMPs-SC fusion pep-
tides are clearly increased. This highlights the antimicrobial
activity of SC binding peptides.

2. An increase 1n SC binding peptides aflinity for the SC
target (as measured 1n vitro; ci. Wolll et al. 2011: IC30 for
P7=0.17 uM; 1C50 for P14=0.077 uM) correlates with an
augmented activity 1n cellulo (MIC values).

Preparation and Activity of Fusion Peptides P2-L-P1

Two fusion peptides 1n the P2-L-P1 configuration were
synthetized: CM1-76 (P7-Oncl112) and CM1-122 (P7Scr-
Oncl12). The aim of this approach 1s, again, to block the
interaction of the Oncll2 moiety with the ribosome by
hiding 1ts N-terminal extremity thanks to the SC-binding P7/
peptide.

Name sequence
CM 1-76 P7-Oncll2 AcQChaDLF-GPR-VDKPPYLPRPR
PPRr1YNr-NH2
CM 1-122 P7Scr-Oncllz2 AcChaFQLD-GPR-VDKPPYLPRPR
PPRr1YNr-NH2

The interactions of these peptides with the £. coli SC
(beta ring) and the rnbosome were measured by I'TC at 25°
C.:

Interaction of Fusion Peptides P2-1L-P1 with the E. coli SC
(Beta Ring)

Kd AH AG
25° C. (nM) (kcal/mol) (kcal/mol) n
P7 170 -154 -9.2 0.9
(CA2 68) (£7) (£0.9) (£0.02)
Oncll?2 no
(CA3 28) interaction
CM1 ©4

FITC-Oncll2 FITC-Oncll1l2-P7 FITC-Oncll2-Pl4

»>10,000

nd

nd
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-continued
Kd AH AG

25° C. (nM) (kcal/mol) (kcal/mol) |
Oncll12-P7 180 -14.6 -9.2 0.9
(CA3-30) (£50) (£0.8) (£0.1)
P7-Oncl12 258 -10.7 -9.0 1
(CM1-76) (£70) (£0.6) (£0.1)
P7Scr-Oncl 12 - no - -
(CM1 122) interaction

The bifunctional peptide CM1-76 (P2-L-P1) interacts as
ciiciently with the SC as the P7 control peptide or its
inverted counterpart CA3-30 (P1-L-P2). As expected, nei-
ther the Onc112 nor the scrambled version of P7 interacts
with the SC target.

Interaction of Fusion Peptides P2-L-P1 with the E. coli
Ribosome (70S).

25° C. Kd (nM) AH (kcal/mol) AG(kcal/mol) n
Oncll2 (CA3 28)

P7-Oncl12 (CML1 76)

241 (£48) -16.2 (£0.3)

no interaction

~9.2 (x0.1) 1

These data show that the addition of the SC binding
peptide at the N-terminal part of the Oncl12 peptide fully
prevents its interaction with the ribosome. Thus, the P2-L-
P1 configuration allows the binding of the fusion peptide to
the SC target but not to the ribosomal target.

The antimicrobial activities of these peptides and controls
have been tested against the E. coli ATCC 25922 (DSM
1103) strain in 1x Mueller-Hinton broth. Minimal Inhibitory
Concentrations (MIC) ranges obtained are listed in the
following table:

CA3-28 CA3-30 CM1-76 CMI1-122
Onc 112 Onc-P7 P7-Onc P7Scr-Onc
MIC (uM) 2-% 16-32 8-16 R->64

Given the afhinities measured 1n vitro, these data suggest
that the fusion of the P7 peptide to Onc112 (either in the
P1-L-P2 or P2-L-P1 orientation) diminish the cell penetra-
tion capacity of the fusion peptide (as observed for the

FITC-K-Py-P7 fusion peptide as compared to the FITC-K-

SEQUENCE LISTING

<1l60> NUMBER OF SEQ ID NOS: 27

<210> SEQ ID NO 1

<211> LENGTH: 13

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
«220> FEATURE:

<223> OTHER INFORMATION: central segment
«220> FEATURE:

«<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

«223> OTHER INFORMATION: V, R or P
<220> FEATURE:

«<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

«223> OTHER INFORMATION: D, R, P or F
<220> FEATURE:

«<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (3)..(3)

«223> OTHER INFORMATION: K, P, V or R

10

15

20

25

30

35

40

26

Py peptide) by at least a factor 2). The P2-L-P1 configuration
(CM1-76) improves the antimicrobial activity of the fusion
peptide by a factor 2 (CM1-76 versus CA3-30). The data
obtained with the CM1-122 (scrambled P7) peptide high-
lights the contribution of the P7 peptide to the toxicity.
These data illustrate the possibility to exploit the cell
penetration capacities of the PrAMPs peptides and the
SC-binding capacities of the SC binding peptides by using
the P2-L-P1 configuration.
Ability of the Fusion Peptides to Penetrate the Bactenial Cell
The inventors have demonstrated and quantified the cyto-
plasmic localization of the PrAMPs-SC fusion peptides by
using the FITC-K-Py (CA3-122 or P,,,); FITC-K-Py-P7
(CA2-150 or P,.,) and FITC-K-Py-P7Scr (CA4-72 or P,,)

and Coniocal Laser Scanning Microscopy (CLSM).

The results are shown 1n FIG. 3.
In Cellulo Identification of the SC-Binding (P2) Target and

their Bacterial Specificity

The inventors show by co-immunoprecipitation assays
that only the SC-binding FITC-K-Py-P7 fusion peptide but
not the FITC-K-Py or the FITC-K-Py-P7Scr can efliciently
bind SC within the bacterial cytoplasm (see FIG. 4).
Specificity of the SC-Binding Peptides Toward the Bacterial
Sliding Clamp (SC).

The mventors have compared the athnities of the proto-
typical P7 SC-binding peptide for the bacterial SC and for
the eukaryotic functional homolog “Proliferating Cell
Nuclear Antigen” PCNA. The same analysis was performed
with the DPD1 peptide that contains a well-described spe-
cific PCNA Interacting Peptide (PIP) sequence (QK-
KITDYF). Results obtained are listed 1n the following table:

E.coli SC Human PCNA
[TC 30° C. P7 DPD1 P7 DPD1
Kd (nM) 408 — — 158
AH (kcal/mol) -12.05 no interaction  no interaction -9.94
n 1 — — 1

As no mteraction could be detected between PCNA and
P7, these results demonstrate the high specificity of the SC
binding peptides that we have developed toward their bac-
terial target. This strongly suggests the safety of these
peptides for the eukaryotic replication machinery.
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-continued

<220> FEATURE:

«<221> NAME/KEY: MISC FEATURE

<222> LOCATION: (4) .. (4)

<223> OTHER INFORMATION: P, G, R, ¥, Q or A
<220> FEATURE:

«221> NAME/KEY: MISC FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: S, G, D, P, I, Orn or Q
<220> FEATURE:

«221> NAME/KEY: MISC FEATURE

<222> LOCATION: (6) .. (6)

<223> OTHER INFORMATION: Y, P, V, I or R
<220> FEATURE:

«221> NAME/KEY: MISC FEATURE

<222> LOCATION: (7)..(7)

<223>»> OTHER INFORMATION: L, P, © or R
<220> FEATURE:

«221> NAME/KEY: MISC FEATURE

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: P, R, T or G
<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: P, W, H or R
<220> FEATURE:

«<221> NAME/KEY: MISC FEATURE

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: P, Hyp or R
<220> FEATURE:

«<221> NAME/KEY: MISC FEATURE

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: P, hydroxyproline or R

<400> SEQUENCE: 1

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Pro Arg Pro Xaa Xaa Xaa
1 5 10

«<210> SEQ ID NO 2
<211> LENGTH: 19
«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oncll2
<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

222> LOCATION: (15)..(15)

223> OTHER INFORMATION: D-arginine
<«220> FEATURE:

«221> NAME/KEY: MOD_RES

<222> LOCATION: (19)..(19)

«223> OTHER INFORMATION: AMIDATION
«220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: D-arginine

<400> SEQUENCE: 2

Val Asp Lys Pro Pro Tvyvr Leu Pro Arg Pro Arg Pro Pro Arg Xaa Ile
1 5 10 15

Tyr Asn Xaa

<210> SEQ ID NO 3

<211l> LENGTH: 20

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Pyrrhocoricin

<400> SEQUENCE: 3

Val Asp Lys Gly Ser Tvr Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile
1 5 10 15

Tyvr Asn Arg Asn

28
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-continued

20

<210> SEQ ID NO 4

<211l> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Apidaecin-1b

<400> SEQUENCE: 4

Gly Asn Asn Arg Pro Val Tyr Ile Pro Gln Pro Arg Pro Pro His Pro
1 5 10 15

Arg Leu

<210> SEQ ID NO b

<211l> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Apil37

<220> FEATURE:

«<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1) .. (1)

<223> OTHER INFORMATION: Orn modified by a N,N,N',N'-
tetramethylguanidino group {(gu)

<400> SEQUENCE: 5

Xaa Asn Asn Arg Pro Val Tyr Ile Pro Gln Pro Arg Pro Pro His Pro
1 5 10 15

Arg Leu

<210> SEQ ID NO 6

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ApiS8S8

<220> FEATURE:

«221> NAME/KEY: MISC FEATURE

«222> LOCATION: (1) .. (1)

<223> OTHER INFORMATION: Orn modified by a N,N,N',N'-
tetramethylguanidino group {(gu)

<220> FEATURE:

«221> NAME/KEY: MOD_RES

222> LOCATION: (18)..(18)

<223>» OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 6

Xaa Asn Asn Arg Pro Val Tyr Ile Pro Gln Pro Arg Pro Pro His Pro
1 5 10 15

Arg Leu

<210> SEQ ID NO 7

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Api1794

<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

«222> LOCATION: (1) .. (1)

223> OTHER INFORMATION: Orn modified by a N,N,N',N'-
tetramethylguanidino group {(gu)

<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: Orn

<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

30
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-continued

«222> LOCATION: (5)..(5)
<223> OTHER INFORMATION: Orn
«220> FEATURE:

«221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (7)..(7)
<223> OTHER INFORMATION: Orn
<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE
«<222> LOCATION: (9)..(9)
«223> OTHER INFORMATION: Orn

<400> SEQUENCE: 7

Xaa Trp Xaa Trp Xaa Trp Xaa Trp Xaa Arg Pro Val Tyr Ile Pro Gln
1 5 10 15

Pro Arg Pro Pro His Pro Arg Leu
20

<210> SEQ ID NO 8

<211l> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Abaecin

<400> SEQUENCE: 8

Tyr Val Pro Leu Pro Asn Val Pro Gln Pro Gly Arg Arg Pro Phe Pro
1 5 10 15

Thr Phe Pro Gly Gln Gly Pro Phe Asn Pro Lys Ile Lys Trp Pro Gln
20 25 30

<210> SEQ ID NO 9

<211l> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Drosocin

<400> SEQUENCE: 9

Gly Lys Pro Arg Pro Tyr Ser Pro Arg Pro Thr Ser His Pro Arg Pro
1 5 10 15

Ile Arg Val

<210> SEQ ID NO 10

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Ho+

<400> SEQUENCE: 10

Gly Lys Pro Arg Pro Gln Gln Val Pro Pro Arg Pro Pro His Pro Arg
1 5 10 15

Leu

<210> SEQ ID NO 11

<211l> LENGTH: 20

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Cdl+

<400> SEQUENCE: 11

Gly Lys Pro Asn Arg Pro Arg Pro Ala Pro Ile Gln Pro Arg Pro Pro
1 5 10 15

Higs Pro Arg Leu

32
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-continued

20

<210> SEQ ID NO 12

<211l> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Arasin 1

<400> SEQUENCE: 12

Sser Arg Trp Pro Ser Pro Gly Arg Pro Arg Pro Phe Pro Gly Arg Pro
1 5 10 15

Lys Pro Ile Phe Arg Pro Arg Pro Cys
20 25

<210> SEQ ID NO 13

<211l> LENGTH: 20

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

«223> OTHER INFORMATION: Oncocin

<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (11)..(11)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 13

Val Asp Lys Pro Pro Tyr Leu Pro Arg Pro Xaa Pro Pro Arg Arg Ile
1 5 10 15

Tyr Asn Asn ATrg
20

<210> SEQ ID NO 14

<211> LENGTH: 19

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Onc72
<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

222> LOCATION: (15)..(15)

223> OTHER INFORMATION: D-arginine
<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

222> LOCATION: (1l6)..(16)

<223>» OTHER INFORMATION: Orn

<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Orn

<220> FEATURE:

«221> NAME/KEY: MOD_RES

«222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 14

Val Asp Lys Pro Pro Tvyvr Leu Pro Arg Pro Arg Pro Pro Arg Xaa Xaa
1 5 10 15

Tyr Asn Xaa

<210> SEQ ID NO 15

<211l> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Onco06
<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (13)..(13)

34
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«223> OTHER INFORMATION: Hydroxyproline
<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: Hydroxyproline
<220> FEATURE:

«221> NAME/KEY: MISC FEATURE

<222> LOCATION: (1l6)..(1l6)

<223> OTHER INFORMATION: L-tert-Leucine
<220> FEATURE:

«221> NAME/KEY: MOD_RES

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: AMIDATION
<220> FEATURE:

«221> NAME/KEY: MISC FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Orn

<400> SEQUENCE: 15

Val Asp Lys Pro Pro Tyr Leu Pro Arg Pro Arg Pro Xaa Arg Xaa Xaa
1 5 10 15

Tyr Asn Xaa

<210> SEQ ID NO 16

<211> LENGTH: 19

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Onclb
<220> FEATURE:

«221> NAME/KEY: MOD_RES

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 16

Val Asp Lys Pro Pro Tyr Leu Pro Arg Pro Arg Trp Pro Arg Arg Ile
1 5 10 15

Tyr Asn Arg

<210> SEQ ID NO 17

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Metalnikowin-1
<400> SEQUENCE: 17

Val Asp Lys Pro Asp Tvr Arg Pro Arg Pro Arg Pro Pro Asn Met
1 5 10 15

<210> SEQ ID NO 18
«211> LENGTH: 19
<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Riptocin

<400> SEQUENCE: 18

Val Asp Lys Gly Gly Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro Val
1 5 10 15

Tyr Arg Ser

<210> SEQ ID NO 19

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

«223> OTHER INFORMATION: bt-bactenecin-7

36
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<400> SEQUENCE: 19

Arg Arg Ile Arg Pro Arg Pro Pro Arg Leu Pro Arg Pro Arg Pro Arg
1 5 10 15

Pro Leu Pro Phe Pro Arg Pro Gly Pro
20 25

<210> SEQ ID NO 20

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: ch-bactenecin-7

<400> SEQUENCE: 20

Arg Arg Leu Arg Pro Arg Arg Pro Arg Leu Pro Arg Pro Arg Pro Arg
1 5 10 15

Pro Arg Pro Arg Pro Arg Ser Leu Pro
20 25

<210> SEQ ID NO 21

<211> LENGTH: 25

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: oa-bactenecin-7

<400> SEQUENCE: 21

Arg Arg Leu Arg Pro Arg Arg Pro Arg Leu Pro Arg Pro Arg Pro Arg
1 5 10 15

Pro Arg Pro Arg Pro Arg Ser Leu Pro
20 25

<210> SEQ ID NO 22

<211l> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: PR-39

<400> SEQUENCE: 22

Arg Arg Arg Pro Arg Pro Pro Tyr Leu Pro Arg Pro Arg Pro Pro Pro
1 5 10 15

Phe Phe Pro Pro Arg Leu Pro Pro Arg
20 25

<210> SEQ ID NO 23

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

«223> OTHER INFORMATION: bt-bactenecin-5

<400> SEQUENCE: 23

Arg Phe Arg Pro Pro Ile Arg Arg Pro Pro Ile Arg Pro Pro Phe Tyr
1 5 10 15

Pro Pro Phe Arg Pro Pro Ile Arg Pro
20 25

<210> SEQ ID NO 24

<211> LENGTH: 25

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

38
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«<223> OTHER INFORMATION: ch-bactenecin-5b
<400> SEQUENCE: 24

Arg Phe Arg Pro Pro Ile Arg Arg Pro Pro Ile Arg Pro Pro Phe Asn
1 5 10 15

Pro Pro Phe Arg Pro Pro Val Arg Pro
20 25

<210> SEQ ID NO 25
<211> LENGTH: 25
«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: oa-bactenecin-5b

<400> SEQUENCE: 25

Arg Phe Arg Pro Pro Ile Arg Arg Pro Pro Ile Arg Pro Pro Phe Arg
1 5 10 15

Pro Pro Phe Arg Pro Pro Val Arg Pro
20 25

<210> SEQ ID NO 26

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Bac7(1l-235)

<400> SEQUENCE: 26

Arg Arg Ile Arg Pro Arg Pro Pro Arg Leu Pro Arg Pro Arg Pro Arg
1 5 10 15

Pro Leu Pro Phe Pro Arg Pro Gly Pro Arg Pro Ile Pro Arg Pro Leu
20 25 30

Pro Phe Pro
35

<210> SEQ ID NO 27

<211> LENGTH: 32

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: TurlA

<400> SEQUENCE: 27

Arg Arg Ile Arg Phe Arg Pro Pro Tyr Leu Pro Arg Pro Gly Arg Arg
1 5 10 15

Pro Arg Phe Pro Pro Pro Phe Pro Ile Pro Arg Ile Pro Arg Ile Pro
20 25 30

40
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The 1nvention claimed 1s:
1. A tusion peptide having one of the following formulae:

P1-1.-P2 (I) or

P2-1.-P1 (1)

wherein:
P1 1s a proline-rich antimicrobial peptide;
L 1s a peptide linker comprising from 1 to 10 amino

acids; and
P2 has the following formula (III):

o]l -
H
O
EETI/_ P n |'N
H
O
— Fl
R? O R? O R>
Sy . N S NH g
H - H
O O

Rl

(ln
.

R3

wherein:

m 1s O or 1;

n 1s an integer comprised between 0 and 9;

p 1s an integer comprised between 0 and 10;

ris 0, 1 or 2;

s 1s 0 or 1;

Gln 1s glutamine;

R' is the side chain of arginine or lysine;

R* is a —(CH,)—C,_.-cycloalkyl group optionally
substituted by a halogen and/or a moiety selected
from the group consisting of —NH,, —NH—CO—
R?, —CO,H, —NHR” and —NR“R”, wherein R“
and R” are independently a C, _,-alkyl group;

R is selected from the group consisting of a C, _-alkyl
group, the side chain of argmine or Ilysine,

~(CH,), CO,R™, ~ —(CH,),CO NHR”,
—CH,OR® and —(CH,)_ NHR”, wherein
qis 1, 2,3 or 4,

R’“ is a hydrogen atom, a C,_;-alkyl group, a C,_, -
alkylene group forming together with R° a lactone
or a polyether ring, or a C,_, ,-alkenylene, forming
together with R® a lactone or a polyether ring,

R’? is a hydrogen atom, a C, q-alkyl group, or
—(CH,),_~NH— with q' being an integer between
2 and 8 inclusive and forming together with R® a
lactam,

R® is a hydrogen atom, a C,_g-alkyl group, a C,_,,-
alkylene group forming together with R° a lactone
or a polyether ring, or a C,_, ,-alkenylene, forming
together with R® a lactone or a polyether ring,

R” is a hydrogen atom, or R” together with R® form
a lactam;

R* is a C,_;-alkyl group optionally substituted by a
C;_¢-cycloalkyl group, or a halogen-C,_,-alkyl
group,

R” is selected from the group consisting of a —(CH.,)—
C;_s-cycloalkyl group; (CH,—CH,)—C,_-cycloal-
kyl group; a —(CH,)—C_,,-aryl group optionally
substituted by a halogen, a C,_,, alkyl group and/or
a C,_,, alkoxy group; a —(CH,—CH,)—C,_, ,-aryl
group optionally substituted by a halogen, a C, _,
alkyl group and/or a C, _, alkoxy group; a—(CH,)—
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C._;o-heteroaryl group optionally substituted by a
halogen and/or a C,_, alkyl group;

R° is —COOH, —COOR'®, —CO—NH,, —CO—
NHR'®, —OR' when r is 1 or 2, —NH—CO—
NHR' whenris 1 or 2, or R®is —CO—, —CO—

O— or —O— and forms a lactam, a lactone, or a
polyether ring with R’*, R”®, R® or R”; wherein

R' is a C,_s-alkyl group optionally substituted by a

Ce.o-aryl group; a C,_s-cycloalkyl group; a C,_, -

aryl group optionally substituted by a halogen, a
C,_,-alkyl group and/or a C,_,-alkoxy group,

wherein, when the fusion peptide has the formula (II), 1ts

C-terminus contains a —CO— group engaged 1n a

peptide bond with said linker L; and

wherein P1 comprises from 13 to 40 amino acid residues
and contains at least one peptide consisting of the

sequence SEQ ID NO:1:

X Ko X3 Xy X5 XX 7PRPX 1 X 15X 3

wherem: X, 1s V, Ror P; X, 1s D, R, Por F; X, 1s K, P,
VorR; X, 1sP, G, R, Y,QorA; X.1sS,G,D, P, I, O
or Q; Xs1sY, P, V,IorR; X, 1s L, P, QorR;

X 18P R, TorG:X,,1sP W HorR;and X, , 1s P, Hyp
or R, O being omithine and Hyp being hydroxyl-
proline, and wherein X,-X- and X,,-X,; can also be
D-Arg,

P1 containing optionally at 1ts N-terminus from 0 to 10
amino acid residues and at 1ts C-terminus from 0 to 18
amino acid residues, said amino acid residues being
selected from the group consisting of natural L-amino
acids, D-amino acids, modified amino acids, non-natu-
ral amino acids, and mixtures thereof.

2. The fusion peptide of claim 1, wherein P1 1s selected

from the group consisting of the following peptides: VDKP-
PYLPRPRPPRrIYNr-NH, (SEQ ID NO: 2), and VDKG-

SYLPRPTPPRPIYNRN (SEQ ID NO: 3), r representing
D-arginine.

3. The fusion peptide according to claim 1, wherein L 1s
selected from the group consisting of the following amino
acids or peptides: Gly-Pro,Gly-Gly, Pro-Gly, p-Ala-p-Ala,
Sar-Sar, Gly-Glycolic acid, v-Abu, 6-aminohexanoic acid,
aminovaleric acid, and Gly-Gly-Gly.

4. The tusion peptide according to claim 1, wherein P2
has the following formula (IV):

R? O R4
H H
Glnh N N
N N 6
I 8 "R
O R’ O R>

wherein R, R>, R*, R>, R®, and r are as defined in claim
1.

5. The fusion peptide according to claim 4, wherein, 1n

formula (IV), r=0.

6. The fusion peptide according to claim 4, wherein, in
formula (I11), R* is a —(CH,)—C,_.-cycloalkyl group or a
methylcyclohexane —(CH,)—C_.H,, group.

7. The fusion peptide according to claim 4, wherein, 1n
tformula (I1I):

R> is selected from the group consisting of a C,_-alkyl
group, the side chain of arginine or lysine, —(CH,)_—
CO,R’*, —(CH,) q—CO—NHRTE",, —CH,OR® and
—(CH,) QNHRQ, wherein
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qis 1, 2, 3 or 4,
R’“ is a hydrogen atom or a C,_,-alkyl group,
R7? is a hydrogen atom or a C,_,-alkyl group,
R® is a hydrogen atom or a C,_s-alkyl group,
R” is a hydrogen atom; and

R® is —COOH, —COOR'®°, —CO—NH,, —CO—
NHR', —OR' whenris 1 or 2, —NH—CO—NHR""
when r 1s 1 or 2, wherein
R'™ is a C, 4-alkyl group optionally substituted by a

Ce_io-aryl group; a C,_s-cycloalkyl group; a C,_, -
aryl group optionally substituted by a halogen, a
C,_,-alkyl group and/or a C,_,-alkoxy group.

8. The fusion peptide according to claim 4, wherein, in
tormula (I1I):

R> is selected from the group consisting of the side chain
of arginine, the side chain of lysine, —(CH,) —
CO,R’%, and —(CH,),—CO—NHR"*, wherein
qis 1, 2, 3 or 4,

R’“ is a hydrogen atom or a C,_s-alkyl group, and
R’* is a hydrogen atom or a C,_g-alkyl group.

9. The fusion peptide according to claim 4, wherein, 1n
formula (I11), R*is a C,_.-alkyl group or a C,_,-alkyl group
optionally substituted by a C,_,-cycloalkyl group.

10. The fusion peptide according to claim 4, wherein, 1n
formula (III), R> is a —(CH, )—C,_, ,-aryl group optionally
substituted by a halogen, a C,_, alkyl group and/or a C, _,
alkoxy group.
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11. The fusion peptide according to claim 4, wherein, 1n
formula (IIT), R® is —COOH or —CO—NH.,,.

12. The fusion peptide according to claim 1, wherein P2
1s selected from the group consisting of following peptides:

(Arg) -Gln-Cha-Asp-Leu-Phe-OH (SEQ ID NO: 28), Cha
representing cyclohexylalanine, (Arg) -Gln-Cha-Asp-Leu-
pMePhe-OH (SEQ ID NO: 29), Gln-Cha-Asp-Leu-pClPhe-
OH (SEQ ID NO: 30), (Arg) -Gln-Cha-Asp-Leu-3.,4-
Cl,Phe-OH (SEQ ID NO: 31), (Arg), -Gln-Cha-Asp-Leu-
pBrPhe-OH (SEQ ID NO: 32), (D-Arg), -Gln-Cha-Asp-Leu-
Phe-OH, Cha representing cyclohexylalanine, (D-Arg)”-
Gln-Cha-Asp-Leu-pMePhe-OH, (D-Arg), -Gln-Cha-Asp-
Leu-3,4-Cl,Phe-OH, and (D-Arg), -Gln-Cha-Asp-Leu-
pBrPhe-OH),n being O or 1.

13. A medicament comprising a fusion peptide according
to claim 1.

14. The fusion peptide according to claim 1 for use for the
treatment of bacterial infections.

15. The fusion peptide of claim 1, wherein L comprises
from 2 to 3 amino acids.

16. The fusion peptide of claim 1, wherein L contains any
natural amino acid.

17. The fusion peptide of claim 1, wherein L comprises an
amino acid selected from the group consisting of A, G, P, S,
D, E, V and leucine.

18. The fusion peptide of claim 1, wherein L has the
sequence GPR.
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